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DOCTOR—YOU'LL GET PERFECT FUSION THROUGH THIS 


new Goldmann slit lamp 


BY HAAG-STREIT 


THE OPTICS ARE 
UNEXCELLED 


A single control handle (joystick type) permits instant adjustment, either 
gross or minute, in any direction. 


The elevation control is located near the “joystick” so that all 
adjustments are made with one hand, leaving the other hand free for 
working on patient’s eye. 


When the microscope is perfectly focused, the slit beam is also perfectly 
focused in the center of the field of observation. The optical section 
remains adjusted when changing plane or area of examination. 


3 magnifications available (up to 40X). Brilliant illumination with very 
convenient slit adjustment—with a 2 volt overload available. 
(8 volt total). 


Using accessories, it is possible to examine the fundus and get 
a true optical section and to do Slit lamp gonioscopy with patient 
seated at a normal Slit lamp installation. 


Standard Accessories: 
Goldmann Reduction Prism + Illuminated Fixavion Device 
Hruby-55 Diopter Lens for fundus examination 
Contact glass for fundus examination 
jase for gonioscop 
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. “AG yndallimeter—to measure corneal haze 
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Topically effective sight safeguards 


TERILE OPHTHALMIC SUSPENSIONS 
AND OPHTHALMIC OINTMENT 


(HYDROCORTISONE ACETATE MERCK) 


Topically administered hydrocortisone has proved 
to be ‘‘superior (to cortisone) in ...: contact der- 
matitis of the lids; vernal conjunctivitis; sclerosing 
keratitis; superficial punctate keratitis; recurrent 
corneal erosions, and diffuse episcieritis..."’ ‘Most 
other lid and anterior segment diseases responded 
equally welleitherto cortisone orhydrocortisone.,.."’ 


Supplied: Sterite Ophthaimic Suspensions of HYDROCORTONE Acetate —0.5 and 25 per cont; 
5-cc. dropper bottles. Ophthaimic Ointment of HYDROCORTONE Acetate—i 5 per cent; 3.5-Gm. 
tubes 


Reference: Hogan, M. Thygeson, P. and Kimuras, Arch. Ophth. §3:165, (Feb) 1955. 


MERCK SHARP & DOHME 


DIVISION OF MERCK &CO..INc., PHILADELPHIA PA. 
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carbon copy should be retained by the author. An article in —— by a foreign author 
should be accompanied by a draft tn the author’s mother tongue. Improvised abbreviations 
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The main title of an article may not contain more than seventy characters and spaces; 
a subtitle may be of any length. The subtitle should be sufficiently detached from the main 
title that a punctuation mark as strong as a colon can be used in the Table of Contents to 
separate it from the main title; it must not begin with “with.” 

The author’s name should be accompanied by the highest academic or medical degree 
which he holds. If academic connections are given for one author of an article, such con- 
nections must be given for all other authors of the article who have such connections. 

A Case Report must be poopeme by an introductory paragraph containing at least 
thirty words before the details of the case are eves, To avert the possibility of legal action, 
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No “before-and-after” demonstration 
amazes like that of the old flint 

Kryptok and incomparable Orthogon 
“D"! You don’t need a “practiced” eye to 
see instantly the clear, sharp, color-free 
imagery of Orthogon “D”—and 

its far greater reading range. 

Orthogon “D” Nokrome combination of 
crown glass and barium glass segment 
focuses rays of all colors at a given 

point. Which would YOU wear? 


ut What a Difference! 


IN ENGINEERING 
IN PERFORMANCE 


ORTHOGON “D” 


‘‘INVISIBLE’’ BIFOCAL 


BAUSCH & LOMB 
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40 THOUSAND TIMES A DAY... 


Yes, 40 thousand times every day someone selects another Browline® 
| frame, another pair of Widesite® lenses, another 200 case, or 
still another Shuron product. 


This choice reflects satisfaction with Shuron all the way from the 
examiner to the patient. And, satisfaction not only with Shuron 
products but with the policies, service, and understanding they represent. 


And it is this increasing choice—your choice—that has made 
Shuron the world’s largest organization devoted exclusively 
to serving the ophthalmic profession. 


Geneva, N.Y. 


SHURON OPTICAL COMPANY, INC. Rochester, N.Y. 
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when 
needs 
determine 


lens forms... 


There is 


no such thing as 


Straight-top bifocal with 20, 22, 25 and 28mm segment widths. in 20 and 
22mm segments, Vision-Ease D is a standard for the majority of normal 
presbyopic cases. The larger-field 25 and 28mm segments, however, are 


especially useful where 


6mm Tritocal 


Straight-top trifocal, 22 and 26mm 
segments. Most nearly ideal inter- 
mediate for normal useage. Where 
larger reading field is desired or in- 
dicated, specify 28mm segments. 


Smm Trifocal 


Straight-top trifocal, 22 and 28mm 
segments, For cases where a wider 
intermediate is indicated, as large 
pupils. For desired larger near fieid, 
specify 26mm, 


Also available... famed Catarex 
T p y and Cat o 
permanent cataract bifocals. 
Lightweight, 


Most Vision-Ease multifocals are 
available in White, Tints 1 and 
2, Green 1, 2 and 3, Be sure 

to ask your laboratory about the 
famed Vision-Ease Special 
Order Service! 


@ f reading area or near field is desirable 
or necessary, All segment sizes are on a full 58mm-round biank. 


“all-purpose”’ 
multifocals! 


Curved-top bifocal, 20 and 22mm 
segments, for the refractionist who 
prefers curved-tops, or where pa- 
tient preference or habit patterns 
indicate this type of segment. 


7mm Trifocal 


Straight-top trifocal, 23, 25 and 28mm segment widths. Many professional 
men preter 7mm intermediates for the slightiy deeper intermediate field pro- 
vided, All Vision-Ease trifocals, 6, 7 or 8mm, feature 50% intermediates; other 
powers available—usually four to five days delivery to your laboratory through 


Ribbon-style bifocais, 9 x 22 or 
14 x 22mm segments. Useful where 
distance vision below segment is de- 
sired or indicated. Optical centers 
can be placed as ordered. 


the famed Vision-Ease Special Order Service. 


Double-segment bifocals in many 
styles but usually ordered as bifocal- 
over-bifocal or bifocal-over trifocal. 
For many specialized occupations and 
varied uses. 


Manufacturers of a complete line of quality multifocals 
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(YA 
Cc Segment 
SC 
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4 
BaR Segments Dual-D 
For satisfaction... 
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HYDROCHLORIDE 


—DEPENDABLE, PROLONGED SURFACE ANESTHESIA 
FOR OPHTHALMIC PROCEDURES 


— removal of foreign bodies 
— dilatation of tear duct 


A variety of operative and non- — tonometry, ignipuncture 
operative procedures on the eye 
may be successfully carried out — subconjunctival injection of salt solutions 
with small quantities of 0.5 per — treatment of conjunctivitis 
cent solution of Pontocaine — 


— iridectomy 


Pontocaine is less likely than cocaine to affect the corneal epithelium. 
Rarely dilates the pupil. Produces no increase in intra-ocular pressure. 
Supplied: 0.5% solution, bottles of ¥2 oz. and 2 oz. 


Pontocaine Eye Ointment 


LABORATORIES 
fo reliet of 


5%, tubes of Ve oz, NEW YORK 18, N.Y. WINDSOR, ONT. 
Pontocaine, trademark reg. U.S. Pat. Off., brand of tetracaine 
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ISO-SOL’s brand of sterile 
polyethylene dropper bottles 


& FLAT INNER SEALING SURFACES 
Leakproof 
No crystallization 
Avoids gumming 

© SELF-DISINFECTING DROPPER TIP 
Bacteriostatic containing 


medication, retained to disinfect 
] tip between instillations 


© CONTROLLABLE DROPPING ORIFICE 
Cannot spill 
Cannot leak 
Sucks back unused medication 


TRANSPARENT CAP 
Visible seal 
Unbreakable 
Color coded 


© TAMPER-PROOF OUTER SEAL 
© LIGHTWEIGHT UNBREAKABLE BOTTLE 


Available: 
Atropisol (atropine sulfate '/2, |, 2 & 4%), Bonazin (zine sulfate '/4%/,), Bonmiotin (eserine salicylate f 
V4 & HCI 2%), Butacaine, Carbamiotin (carbachol & |'/2%,), Esromiotin (eserine 


salicylate & '/2%), Fluorescein, Phenylzin (zinc sulfate '/4%, phenylephrine HC! 0.08%), 
Pilomiotin (pilocarpine HCI '/2, 1, 2 & 4%), Tearisol, Tetracaine. 


Send for free sample box of Lacrivials 


THE ISO-SOL CO., INC., BROOK 17, N. 
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external 
ocular 
infections... 


usually respond rapidly to 
topical therapy with one of the 
Pfizer broad-spectrum antibiotics, 
Tetracyn or Terramycin; Cortril, 
an anti-inflammatory hormone, 
provides another powerful 
therapeutic agent 


for ophthalmic use. 


5 mg. Gm. 


‘Terra-Cortril 


3 
4 
mg of onytetracycline and 10,000 units of 
pélymyxin B sulfate Gm jin oz tubes 
oxytetracycline im 5 cc dropper « 
rl 
ay 
— 
| Pfizer. — 


for glaucoma therapy 


two new concentrations of 


Sey 


-25% and3% 
sterile ophthalmic solutions 


NOW ...a full range of concentrations 
for the treatment and control of glaucoma 
...and other conditions where miosis is 
desired! 


ISOPTO® Carpi 
ne ° 


Pilocarpine HCI in .5% 1% 


Methyl Cellulose Solution 9 


4% 


.25% 
5% 


Eserine Salicylate in .5% 
Methyl Cellulose Solution 


ISOPTO® Eserine 


advantages... 


Sterile, Stable © Prolonged Contact 
Greater Comfort @ Always Uniform 
Greater miscibility with tears 

pH and tonicity adjusted 

Preserved against contamination 


1SOPTO® Designates Alcon’s Sterile Ophthalmic 
Solutions containing Methyl Cellulose. 


Available from pharmacies and wholesale drug 
suppliers throughout the U.S.A. and Canada 
distributors, i a Packaged and sealed in Alcon’s exclu- 
(Canadian distributors, Imperial Optical Co., Toronto) keable D 
TAINER® (15 ce). Reduces contamination 
possibilities . . . convenient to use. 


laboratories, inc. fort worth, texas 
AL-ic.1 
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Methylcelivior® 


JUST EVERYTHING OPHTHALMIC 
Rx SERVICE THROUGHOUT U. S. A. 
DISPENSING—REFRACTING ADJUNCTS 


*Beloccluders *Hand Occluders *Phoro-Lenscorometer 
Cataract Bifocal Loan Service “Hand Prism Sets (glass-plastic) *Portable illum. Test Chart 
*Conacor Bifocal *Hand Maddox Rods Prism Bar 1-40 


Prism Bar Vert. 1-25 
*Prism Sets in Wallet 

Red and Green Specs 
Soft Rubber Occluder 
Spec Bands 

Stereoscopes 
*Strait Top Bifocal Trial Set 
Trifocal Trial Set 

Worth 4-Dot Tests 


Contact Lenses 
Gonioscopic Contact Lenses 
Guibor Amblyscope Charts 
Guibor Distance Chart (E) 
Guibor Hand Reading Card (E) 
Guibor Motility Chart 
Guibor Stero Cards 
*Hand Dual Occluder 


*Belgard 


*Hand Red Glass Comb. 
Lebensohn Astigmometer 
Lebensohn Hand Reading Card 

*Lenscorometer 

*Pocket Prism Bar 

(Vertical - 10A) 

*Pocket Prism Bar 

(Horizontal 3 - 20A) 


OPHTHALMIC 
OPTICIANS 
WHOLESALE B SERVICE 


DISPENSING SERVICE 


Main Office: 
It! N. Wabash Ave., at Wash. 
Chicago, Illinois 


Branch Office: 
1139 Central Ave., Wilmette, lil. 


Here are several booklets on mental hygiene 
that moy prove of interest and use to you NEW YORK UNIVERSITY 
and your patients. POST-GRADUATE MEDICAL SCHOOL 
Postgraduate courses in oph- 
EMOTIONAL HEALTH IN WORK AND PLAY thalmology available during 
T. R. Retlaw, 8 pages, 15 cents the remainder of the aca- 
offers demic year: 
HYPNOTISM—HUMBUG OR HEALING 
James A. Brussel, 6 pages, 10 cents you 
Part I—March 4-9 
YOUR STAKE IN MENTAL HEALTH Part Il—March 11-15 
George S. Stevenson, 4 pages, 10 cents OPHTHALMIC PLAsTic 
Surcery* April 1-5 
THE PSYCHIATRIST Edward Dengrove SURGERY OF THE CORNEA 
and Doris Kulman, 6 pages, 10 cents D a 
R. RAMON CASTROVIEJO 
anuary 14-18 
BOOKLETS ON 
Ophthalmology (graduate 
MENTAL HYGIENE other months ) 
oe Surgery of the Eye 
cannes: Differential Dia is with 
Keep a supply of these booklets on hand, or the Slit ys 5 ie 
Available at lower cost for quantity pur- available Ocular Expressions of 
Systemic Disease 
year Ophthalmoscopy 
Histopathology 
AMERICAN MEDICAL ASSOCIATION For further information, 
write to: 


535 North Dearborn Street Chicago 10 @ Illinois 


New York University-Bellevue Medical Center 
Post-Graduate Medical School 
550 First Avenue, New York 16, N. Y. 
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For a quick, easy and acurate VISUAL FIELD testing 


PERIMETER 


OF DOCTEUR ETIENNE 


@ BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
lumination uniform and ajustable. 


& Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


GAMBS ANTON HEILMAN 
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Medical-Journal Report: 


Hypertensive symptoms relieved 
in 96% ot patients 


“Comparison of pentolinium [ANSOLYSEN] with other preparations in 25 
patients with severe essential hypertension . . . showed that pentolinium 
is . . . most effective . . . in reducing dangerously high blood pressure to 
the desired levels, and in modifying some of the complications of hyper- 
tension, as cardiac decompensation, cardiomegaly and retinopathy... . 


“In 96 per cent (24 patients) clinical symptoms were relieved and the 
blood pressure maintained at comfortable levels. .. .’’! 


ANSOLYSEN 


TARTRATE Pentolinium Tartrate 
Lowers Blood Pressure 


1. Albert, A., and Albert, M.: Am. Pract. & 
Dig. Treat. 7:986 (June) 1956. 


Phitadelphia 1, Pa. 
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IN CYCLOPLEGIA... 


HYDROCHLORIDE 
brand of cyclopentolate hydrochloride 


& 
SAVES TIME 


... for you... with rapid onset of action 
. . . for your patients . . . with rapid recovery 


“Cyclopentolate hydrochloride . . . produces a rapid [30 to 60 minutes}, intense cycloplegia and 
mydriasis of moderate duration . . . and is effective in highly pigmented irises and for persons of 
all ages.” New and Nonofficial Remedies, Philadelphia, J. B. Lippincott Company, 1954, p. 189. 


Cyclogyl has shown outstanding qualities in 1035 cases.' 
(Incorporates work of 11 previous investigators ) 


Dosage and Administration Diopters of Residual Spontaneous Recovery 
(drops) * Accommodation (in hr.) 


Cyclogyl 0.5% 2 1.10 
Homatropine 2% or } 
4% 2 2.00 48 


* Successive drops at five-minute intervals. tRecovery time reduced to six hours after one-percent pilocarpine. 
1. Gordon, D. M., and Ehrenberg, M. H.: Am. J. Ophth. 38:831 (Dec.) 1954. 


“the chief handicap of maximum cycloplegia, namely its incapacitating effect, is minimized . . .” 
Genes, B. C.: A.M.A. Arch. Opbth. 51:467 (Apr.) 1954. 


Cyclogyl, “by virtue of its brevity, rapidity of action, and consistent depth of cycloplegia, will be 
{a drug of choice} for routine refraction . . .” Ebrlich, L. H.: New York J. Med. 53:3015 (Dec. 15) 1953. 


Dosage: Supplied: 

Cycloplegia — One drop 1.0%, in each eye (or two drops of Sterile ophthalmic solution in Gifford's Buffer (pH 6.0) 
0.5%) produces maximal cycloplegia in 30-60 minutes. Re- 0.5% Solution — 15 cc Dropper Bortles 

covery ume is normally 4-12 hours spontaneously. Pilocarpine 1.0% Solution — 15 cc Dropper Bortles 

reduces recovery time. In deeply pigmented eyes, 2 drops of 2 «c Dropper 

1.0% in each eye, instilled 10 minutes apart, achieves satisfac- 


tory cycloplegia in 98° of cases. 
Mydriasis — One of cwo drops of 0.5% in each eye. ” & Ca Since 1794 
Samples and Literature on request. Pharmaceutical and Research Laboratories 

New York 3. N. Y. 


In Canada: William Sofin Ltd. 
Montreal 25, Quebec. 
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Whund Healing P. 
K ference fo he 


JOHN H. DUNNINGTON, M.D., New York 


This opportunity to honor the memory of Sir William Bowman is a great 
privilege. No physician need be reminded of his brilliant achievements. We, 
ophthalomologists, like to think of him as belonging only to us, but we must not 
forget his many original contributions to general medicine. It was he who first 
described the microscopic structure of muscle and of kidney and laid many of 
the foundations of histology. The manifold accomplishments of this genius belie 
description so ophthalmology is indeed fortunate he bestowed upon it a lion's 
share of his boundless enthusiasm and tireless energy. Sir William Bowman ! in 
his inaugural address as first president of this society praised his predecessors 
in words which best describe the very position he himself now holds. On that oc- 
casion he said “Honour to those men who have been foremost in discerning the 
true lines of progress, and in pursuing them for our common benefit and profit— 
benefactors of mankind, to be one day recognized by all.” To acknowledge by 
this lecture ophthalmology’s debt to this great scientist is a challenge I have ap- 
proached with genuine pleasure and profound humility. 

In the eighteenth century Daviel reported the successful removal of a cataract 
through an incision in the lower part of the cornea, Although this new operation 
was not accepted immediately, as its advantages became apparent more and more 
interest was directed to the incision. In those preanesthetic days the accessibility 
of the lower part of the globe constituted a strong argument in favour of placing 
the incision below the horizontal meridian. To encourage smooth healing great 
precautions were taken to prevent the lower lid from getting between the lips of 
the wound. Surgeons soon recognized the importance of an opening of ample size 
and the possibility of enlarging the incision with scissors. Their astuteness is 
exemplified by Ware’s (1793)? discussion of the following causes of failure in 
cataract extraction: (1) small incision; (2) injury to the iris; (3) loss of vitreous; 
(4) retention of part of the cataract. The evolution of the present-day procedure 
has been a gradual one, highlighted by many changes such as the introduction of 
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anesthesia and akinesia, the use of corneoscleral sutures, and the intracapsular 
extraction. Although the incidence of failure has been greatly reduced by the 
various technical advances, we must remain ever conscious of Bischoff’s (1793)* 
advice that “minutiae which though they at first sight appear insignificant yet are 
known to contribute essentially to the expedition and completion of the cure.” 
It is the purpose of this presentation to reemphasize the soundness of his teaching 
by showing the significant role minor imperfections in wound healing still play 
in the production of serious sequelae. 


Part I. Normal Healing 


Modern Concepts of Healing.—Recent experimental studies and clinical ob- 
servations upon the mechanisms of normal repair of a cataract incision have only 
confirmed many of the findings of earlier histologists. The mechanical slide of 
adjacent epithelial cells over a denuded area was observed by Ranvier (1896) ,* 
the role of mitotic activity in the healing of epithelial lesions by Weinstein 
(1903),° the stromal repair effected through invasion of spindle-like cells by Salzer 
(1909),® and the regeneration of Descemet’s membrane through endothelial pro- 
liferation by Weinstein (1903).° In 1907 Henderson? presented “A Histological 
Study of the Normal Healing of Wounds After Cataract Extraction,” which is 
remarkable for its lucidity as well as for its many valuable conclusions. This 
author recognized that when there is faulty apposition of a corneal wound, epithe- 
lium may cover its surfaces and extend into the anterior chamber, producing an 
intractable glaucoma. He also showed histological specimens illustrating the rela- 
tively inactive role the sclera plays in the repair of a limbal wound and the effect 
incarcerated tissues have upon wound healing. 

Within recent years additional information on the healing of corneal wounds 
has appeared. My experiments * as well as those of Ashton and Cook *® have con- 
firmed the earlier observations that the primary closure of any corneal incision 
is effected through swelling of the corneal lamellae produced in large part by imbi- 
bition of aqueous humor. After this central contact has been established, the 
stromal surfaces soon become agglutinated and within three or four days kerato- 
blastic proliferation is observed and stromal healing begins. In the initial stages 
the normal retractivity of the tissues produces separation of the anterior and 
posterior edges of the wound, The surface epithelium, however, rapidly covers 
the denuded anterior area by a sliding inward of the cells along the edges of the 
wound and later by their mitotic proliferation, so that usually by the end of the 
second day the surface is completely blanketed. This anterior epithelial triangle 
is gradually pushed out of the lips of the wound by the proliferation of kerato- 
blasts. In the presence of a conjunctival flap the anterior gaping surface is soon 
filled with episcleral fibrovascular tissue, the amount and depth of which is de- 
termined by the degree of separation of the wound edges. As stromal healing 
progresses the plug of fibrous tissue becomes smaller by being pushed toward the 
anterior chamber. 

The gaping posterior portion of the wound does not participate in the immedi- 
ate repair. Earlier investigators reported that this triangle rapidly filled with 
fibrin. This finding was recorded by both Weinstein ® and Tooke '’ working with 
rabbits. Henderson’? and Collins ™ believed the posterior part of the incision 


became closed early in the repair. However, in the more recent descriptions by 
Maggiore,'* Purtscher, and Kara“ this fibrinous plug was not mentioned; nor 
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did I find it in my histological specimens. It is true that in the illustrations of 
these later writers and in many of my microscopic sections there is a small amount 
of exudate at the apex of the posterior triangle. This coagulum appears either to 
be due to seepage from the adjacent corneal stroma or, if a conjunctival flap is 
present, to arise from the episcleral tissue. In any case the posterior part of the 
wound is not an active participant in the early healing process. By the end of a 
week, when stromal proliferation has become well established, endothelial prolifera- 
tion begins to bridge the defect produced by retraction and inward curling of the 
cut edges of Descemet’s membrane. 

The slowness with which ocular incisions become completely healed was shown 
by Purtscher’s '* microscopic studies of two eyes removed 14 and 15 days after 
cataract extraction. In both specimens the conjunctival flap was firmly closed by 
young scar tissue but the corneal healing was still incomplete and limited to the 
anterior part of the wound. Maggiore,’ in an extensive study of corneal wounds, 
recorded similar findings after 10 to 12 days, and concluded that it takes from 
two to three months for a cataract incision to heal completely. In confirming these 
earlier observations |* have shown that, although cataract incisions on monkeys 
appear well healed within two weeks, there is microscopic evidence of defective 
healing posteriorly (Fig. 1). 


Fig. 1—Section af an eye of a monkey two weeks after operation, showing firm healing 
anteriorly and delayed healing posteriorly. 


Recently Gliedman and Karlson,’ using a tensiometer, studied in cats the 
breaking point of limbal incisions made without a conjunctival flap and closed 
with 000000 Atraumatic nonabsorbable surgical (silk) sutures. They found the 
tensile strength of these wounds in the immediate postoperative period to be 6.5% 
that of the previously undisturbed limbal tissue. After a lag period of three days 
the strength rose gradually until on the ninth postoperative day it was 15.4% of 
normal. By the 14th day the strength had become 34% that of undisturbed limbal 
tissue. Thereafter followed a plateau, with a gain of about 1% a week. Six months 
postoperatively the tensile strength was only 62% of normal tissue. Gliedman 
and Karlson by correlating these findings with histological studies showed the lag 
phase corresponded to the histologically observed exudative phase and the subse- 
quent rise in tensile strength occurred simultaneously with fibroblastic and vascular 
proliferation. The accelerated increase in tensile strength was thought to take 
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place when fibroblasts infiltrated the innermost portion of the limbal wound and 
some contraction of the wound occurred. These findings corroborate my histologi- 
cal observations that the healing of limbal incisions is not complete for at least 
two months. 

Influence of Sutures.—To attain normal healing it is essential for the surfaces 
of any wound to lie in apposition without distortion and without intervention 
of surrounding tissues. In most incisions sutures are used not to force together 
gaping surfaces but to reinforce tissues already in proper apposition. The 
technique of suturing as well as the material used may vary, but to insure the best 
effect the basic principles outlined by Howes and his co-workers * and others + 
must be followed. Foremost in importance is the recognition that the immediate 
strength of a sutured wound is not dependent upon the tensile strength of the 
suture employed but rather upon the holding power of the tissues themselves. 
Therefore it is futile to use a suture with a tensile strength greater than that of 
the tissues into which it is inserted. Furthermore, even though sutures placed in 
tissues lose between 40% and 50% of their dry thread strength through wetting 
and knotting, most of them retain a functionating strength far in excess of the 
tensile strength of the tissues.’* Since all sutures by inciting foreign-body reac- 
tion devitalize the tissues, their presence lowers the tensile strength of the struc- 
tures in their immediate vicinity. For this reason the number of sutures used 
should be no greater than necessary to maintain apposition. The degree of tissue 
response incited by a suture depends upon its size, the depth at which it is in- 
serted, the amount of tissue included in the bite, and the tightness with which it is 
tied, as well as upon the material of which it is made. Howes,f{ in his studies of 
the reactions produced by sutures, demonstrated that one of large size and great 
tensile strength is often not so effective as a finer, less strong one because the 
large suture by producing a severe tissue response weakens the wound edges to 
such an extent that the holding power of the tissues is inadequate to prevent it 
from cutting out. If a deeply inserted suture which of necessity includes more 
tissue in its bite is tied tightly, the involved tissue tends to become necrotic. 
Therefore, unless the suture is removed prior to necrosis it will slough out and 
leave a weakened area in the wound. 

Although silk has long been the most popular suture material the use of 
absorbable surgical (gut) sutures is on the increase. Many former objections to 
the absorbable material have been overcome through improved manufacturing 
techniques. The development of finer sizes and standardization of the processes 
of chromicization and_ sterilization have led Jenkins, Hrdina, and their co- 


and more upon surgical gut for wound closure. These same refinements have also 
increased its usefulness in ophthalmic surgery.*7 Inasmuch as silk and surgical 


workers §; Howes,'® and other investigators || in general surgery to rely more 


gut invoke different responses in the ocular tissues, it is well to review these reac- 
tions.{ When silk is used there is a rapid downgrowth of epithelium along the 
suture track, and in many instances this groove becomes completely lined within 
48 hours. Fibroblastic proliferation is not delayed, round-cell infiltration is mini- 

* References 16-19. 

+ References 20-22. 

t References 16, 17, and 19. 

§ References 23-26. 

|| References 20 and 21, 
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mal, and at the end of a week the wound adjacent to the suture is healing well. 
Between the 9th and 12th postoperative days a marked change takes place around 
the suture. At this time the round-cell invasion becomes extensive and stromal 
necrosis appears. If the silk suture is not extruded by the end of two weeks, the 
surrounding area of the wound is composed of necrotic tissue and many poly- 
morphonuclear leucocytes. In the presence of a deeply inserted suture this reac- 
tion often invokes the entire thickness of the cornea. 

When plain surgical gut is used it is rapidly surrounded by polymorphonu- 
clear leucocytes, and fragmentation of the suture has begun by the third postop- 
erative day. At this time fibroblastic proliferation is not well established and the 
wound surfaces may separate. If the material is mildly chromicized 000000 sur- 
gical gut, a slight polymorphonuclear response occurs during the first 72 hours 
after operation followed by increasing fibroblastic proliferation from the 4th to 
6th days. At the end of the first postoperative week there is an increase in the 
number of round cells, especially macrophages. It is at this time that definite 
fragmentation and absorption of the suture is first observed. During the second 
postoperative week the process continues and is accompanied by increasing 
vascular reaction in the form of dilation and perivascular cuffing of the episcleral 
vessels. With either plain or mildly chromicized surgical gut there is no evidence 
of stromal necrosis or of epithelial invasion. Although the wound appears to be 
healing satisfactorily by the 14th postoperative day, shreds of suture material may 
remain for many weeks and act as centers of small granulomas. In the presence 
of silk initial responses are most promising, but the rapid proliferation of epithe- 
lium along the suture track and the late stromal necrosis are unfavorable reactions. 
The absence of these findings is striking when surgical gut is used, but this ma- 
terial evokes a much greater vascular response than does silk. 


Influence of Local and Systemic Measures.—The many recent therapeutic 
advances make it desirable to consider the effect of some of the newer drugs and 
hormones upon wound healing. Although most of these studies are still incomplete, 
findings of clinical significance have been recorded on cortisone, corticotropin 
(ACTH), and thrombin. 


(a) Cortisone and Corticotropin: In 1949 Ragan, Grokoest, and Boots ” 
reported delayed wound healing in patients receiving cortisone, and later in the 
year Ragan and other associates # concludgd from experimental studies on the 
rabbit that cortisone at least partially suppresses the formation of granulation 
tissue. Since this original report many conflicting statements have appeared in 
the literature. The findings vary with the amount of substance used, the duration 
of its use, and the nutritional and metabolic state of the subject, as well as with 
the species of the experimental animal. Most investigators now agree that when 
administered in adequate amounts to suitatble experimental animals cortisone 
delays wound healing. Both Zoger (1952)** and Lattis and co-workers (1953) 34 
having observed a time lag before the effect of cortisone becomes evident, believe 
it is without influence on the primary exudative phase. It is not yet clear whether 
the effect upon healing is purely quantitative or also qualitative. Originally Ragan 
(1949)! thought the connective tissue in cortisone-treated animals displayed both 
types of change and resembled that seen in scorbutic animals. In contrast, sang- 
ham (1951)** reported: “Histologically the granulation tissue in the cortisone- 
treated animal did not differ qualitatively from that of the control, the most strik- 


# References 31 and 32. 
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ing difference being quantitative.” In 1953 Lattis, Ragan, and their associates ** 
found a change in the ground substance and stated: “Metachromasia of the 
ground substance of injured mesenchymal tissue is generally reduced and its ap- 
pearance delayed in cortisone-treated animals.” These experiments seem to indi- 
cate that in addition to the quantitative change there is also alteration in the 
quality of the ground substance. Although Meadows and Prudden** reported a 
decrease in the proliferation of epithelium in cortisone-treated animals, most ob- 
servers have found no change in the rate of regeneration of this tissue. Baxter, 
Schiller, Whiteside, and Straith ** have suggested that any apparent delay in firm 
union of the epithelium is caused by lack of support by granulation tissue. The 
effect of cortisone upon the tensile strength of a wound is also debatable. Howes 
and his co-workers,** Bellingham and his associates,®® and Bourne # independently 
found a decrease in the tensile strength of wounds in cortisone-treated rabbits, 
while Cole and his colleagues *' in their experiments on dogs found this hormone 
exerts no effect on the healing of abdominal wounds. Yasuna and his collabora- 
tors ** could detect no difference in the tensile strength of ocular incisions in 
normal or in cortisone-treated rabbits in spite of the decreased fibroblastic repair 
noted in the animals receiving the hormone. 

The effect of cortisone upon ocular wound healing has not been clearly estab- 
lished. There have been several experimental studies * within the past three to 
four years which have only served to confirm the excellent work of Ashton and 
Cook and their colleagues.t These investigators showed that since the subcon- 
junctival or topical administration of cortisone is as efficacious as the systemic 
use, its effect upon ocular healing is a local phenomenon. They also demonstrated 
that apart from differences caused by individual or species variation, the degree 
of tissue response is determined by the amount of the drug administered. They, 
as well as Newell and Dixon,” observed no change in the rate of regeneration 
of the corneal epithelium in rabbits when small amounts of cortisone were given 
subconjunctivally, but retardation did take place when the dosage was increased. 
Newell and Dixon in their studies of corneal transplants in rabbits found cortisone 
has no effect upon wound healing for the first 96 hours. After that interval there 
is a persistence of round cells and a delay in keratoblastic proliferation. All in- 
vestigators seem to agree that fibroblastic activity in corneal or corneoscleral 
wounds is delayed by the action of cortisone, but unless the dose is large the 
inhibition is not complete and eventually wound healing becomes adequate. Under 
similar conditions in a limbal or scleral wound new blood vessel formation is 
depressed, Ashton and Cook * have reported that the regeneration of endothelium 
is more readily inhibited than is the reparative process of any other part of the 
cornea. 

Limited investigations have been made upon the effect of corticotropin on 
wound healing. Baxter, Schiller, and Whiteside (1951)°" gave 100 mg. of corti- 
cotropin daily to five patients and studied the influence of this hormone on wound 
healing. Their results were inconclusive because delayed healing of skin incisions 
was observed in some but not all of the patients. Starting three days preop- 


> 


eratively, Alrich, Carter, and Lehman (1951) * administered 2.0 mg. of corti- 


cotropin daily to albino rats. With this dosage they found no delay in healing, 
but when 4.0 mg. was given daily they observed a “moderate retardation of healing 
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in the critical later stages.” These experimental findings were not confirmed by 
Meadows and Prudden ** or by Schilling and his co-workers.™* A full discussion 
of this problem in Nutrition Reviews (1954),™ led to the conclusion that corti- 
cotropin in clinical dosage has no appreciable effect upon wound healing. 


Reports by Hogan,®* Henderson and Hollenhorst,®* and others ** indicate 
that successful ocular wound healing does take place in patients receiving corti- 
cotropin or cortisone. Nevertheless, the recent investigations of Lattis and his 
co-workers (1953)** and of Savlow and Dunphy (1954)** point to the need of 
caution in the preoperative use of these hormones. The experiments of these 
authors indicate that cortisone must be given for at least three days preoperatively 
if its full effect upon wound healing is to be realized. Furthermore, De Kleine 
believes the influence of cortisone may persist for several weeks after its admin- 
istration has been stopped. These reports indicate further information is needed 
to determine the effect the prolonged preoperative use of these hormones will 
have upon wound healing. 

(b) Thrombin: Parry and Laszlo,” von Grosz,*! Tassman,t Town and Nar- 
doff,** and others § have advocated the use of fibrin either to replace sutures or 
to serve as their adjuvant in the closure of cataract incisions. In a previous 
communication ** we have described the histological effects of the combination of 
thrombin and fibrinogen upon the healing of cataract incisions in the eyes of 
rhesus monkeys killed at 2, 4, 7, 14, and 21 days postoperatively. These studies 
showed that in the presence of a conjunctival flap the edges of wounds treated with 
this substance were not in apposition but were separated by fibrin and subepitheli- 
al tissue. When the incision had been made in the cornea, epithelium tended to 
grow along the surfaces of the wound into the anterior chamber. Fibroblastic 
repair was not delayed nor was any necrosis observed, and at the end of two 
weeks the wound appeared well healed with broad fibrous cicatrices. The inter- 
ference thrombin produces in the apposition of the wound surfaces led us to con- 
clude that it is not the ideal material to insure accurate closure of an ocular 
wound, 

(c) Other Substances: From an experimental point of view the influences of 
ascorbic acid, heparin, and desoxycorticosterone acetate are of special interest. 
Pirani, Stepto, and Consolazio (1952)* have reported accelerated healing of ab- 
dominal wounds in guinea-pigs given large doses of ascorbic acid (25.0 mg. daily). 
Although Schilling and his co-workers (1953)%* did not find any such increase 
in the rate of healing, they agree that ascorbic acid is the most important single 
substance in fibrosis and collagen formation. The inter-relationship of corti- 
cotropin, cortisone, and ascorbic acid upon wound healing has not as yet been 
established, but the studies of Clayton,®* Bartlett, Jones, and Ryan,|| and others? 
indicate that these substances do provoke profound and varied responses in the 
experimental animal. 

In 1932 Zakrzewski ™ and later Bick (1949) found that heparin has an 
inhibiting effect on fibroblastic proliferation. Bick and Haines ™ reported that 
heparin pellets implanted subconjunctivally in rabbits prevent the closure of 
trephine openings. Both Vannas ** and Bick * have shown that heparin prolongs 
the coagulation time of the aqueous of the rabbit. It is possible that the latter's 
t References 62 and 63. 
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observation on the patency of the trephine openings in heparinized rabbits is due 
to this phenomenon. A most interesting investigation was undertaken by Binder 
and Binder ™ upon the healing of linear corneal incisions in rabbits in which the 
prothrombin time had been reduced to 30% of normal by the administration of 
ethyl biscoumacetate (Tromexan) and heparin. In these animals the initial exu- 
dative phase of wound healing was suppressed, but proliferation of the epithelium 
occurred at a normal rate. Although the fibroblastic response took place at the 
usual time, the presence of epithelium along the wound surfaces delayed closure 
of the incision. As a preliminary investigation | made cataract incisions with a 
conjunctival flap upon the eyes of six monkeys and deposited pure heparin 
crystals (approximately 20 mg.) under the flap. The animals were killed at 2, 4, 
7, 10, 12, and 14 days postoperatively. Microscopic examination of these eyes 
failed to reveal any abnormality in healing. The relatively small amount of the 
drug | used may account for the difference between my findings and those of 
tinder and Binder,”® 

Desoxycorticosterone acetate, an exceedingly interesting hormonal derivative, 
is believed to increase the rate of fibroblastic proliferation although it has no effect 
upon the lag phase of wound healing. Pirani, Stepto, and Sutherland 7 found an 
excessive amount of granulation tissue present in abdominal incisions in guinea- 
pigs given this substance. In these wounds there was a relatively greater number 
of fibroblasts and a larger amount of ground substance. These investigators state 
that desoxycorticosterone acetate influences immature proliferating connective 
tissue elements but has little if any effect upon mature fibroblasts. Forano ™ has 
reported accelerated healing of corneal wounds in rabbits treated with it. These 
varied reports indicate a need for further investigations of the influences of all 
these substances upon general and ocular wound healing. 


Part II. Abnormal Healing 


Wound Rupture.—Many abnormalities of wound healing result from subse- 
quent rupture of the incision, The term as usually employed denotes a sudden 
separation of the wound, but, as pointed out by Gradle and Sugar,’® these breaks 
may be of three degrees: (1) gaping of the wound with edema of the conjunctival 
flap; (2) rupture of the wound with forcible tearing of the newly formed capil- 
laries and resultant hyphema; (3) rupture of the wound with prolapse of iris. 
Although these authors dismissed the first and second degrees as unpleasant and 
not often serious, they may lead to major complications. 

Gaping of Wound with Edema of Conjunctival Flap.—With this incomplete 
healing the eye appears normal in all respects except for a bogginess of the con- 
junctival flap along the entire length of the incision. While such a wound can 
hardly be said to have undergone rupture, the edematous conjunctiva does denote 
seepage of aqueous humor. After about 10 days these wounds usually become flat 
and firmly healed, but occasionally a filtering cicatrix is the permanent result. It 
has been possible to demonstrate experimentally that this edema is produced by 
fluid passing from the anterior chamber through the interstices of the wound, 


Experiment: Manometric measurements of the intraocular pressure were made 
on Rhesus monkeys (Macaca mulatta) under pentobarbital (Nembutal) anes- 
thesia by means of a 30-gauge needle inserted through the cornea into the anterior 
chamber of the animal’s eye. This needle was attached by lead tubing to a San- 
born electromanometer, which in turn was connected to its recording unit.* After 
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the intraocular pressure was registered, it was raised and recordings were made 
of the rate of its subsequent fall. For this experiment three series of monkeys 
were used: 1. Eight monkeys (16 eyes) served as controls. 2. Four monkeys (eight 
eyes) had corneal incisions made with the keratome and enlarged with scissors. 
A complete iridectomy was done, and the wounds were closed with two apposi- 
tional corneal sutures of either 000000 black silk or 000000 mildly chromicized 
surgical gut. 3. In 13 monkeys (26 eyes), after a conjunctival flap had been pre- 
pared, a limbal incision with use of the keratome and scissors technique was made 
and a complete iridectomy was done. The wound was then closed with two ap- 
positional corneoscleral sutures and the requisite number of supplementary con- 
junctival ones. The suture material used was either 000000 black silk or 000000 
mildly chromicized surgical gut. 

In the eyes of the control series the intraocular pressure after being recorded 
was raised to 30, 40, 50, 75, and 100 mm. Hg. The pressure was maintained at 
each of these levels for 20 seconds, and the rate of return to normal was reg- 
istered. Figure 2 shows the usual rate of fall in the control eyes. When the pres- 
Contra. | OS. CORNEAL INCISION CATGUT SUTURES 

INITIAL PRESSURE [6mm Hg 1 WEEK AFTER OPERATION 


Initial pressure Hg 
Rupture of incision at 30mm Hg 
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Fig. 2.—Graphs showing fall in intraocular pressure in a monkey's eye during control 
period and after wound rupture. 


sure was maintained for 5 to 10 minutes before release the rate of return to 
normal was not appreciably influenced. 

The second and third series of eyes were tested 4, 7, 11, and 14 days after 
operation at 30, 40, 50, 75, and 100 mm. Hg for 20 seconds. In all cases except 
those exhibiting a frank rupture, the fall in the intraocular pressure occurred at 
a rate similar to that observed in the control series. A few of the animals were 
killed and the eyes examined histologically. In none was there evidence of wound 
rupture. On the fourth and seventh post-operative days it was difficult to insert 
the needle into the anterior chamber without rupturing the wound. When this 
accident occurred the experiment was terminated and the findings are not included 
in this report. The criterion arbitrarily selected as indicative of wound rupture 
was a fall in the intraocular pressure 10 mni. or more per minute greater than 
the normal rate of decline (Fig. 2). 

Four of five eyes with corneal incisions, tested four to seven days after opera- 
tion, showed evidence of wound rupture when the intraocular pressure was raised 
to 50 mm. of mercury, whereas only seven of seventeen eyes with limbal incisions 
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and conjunctival flaps ruptured when tested within the first week after operation. 
After a lapse of 10 days both the corneal incisions and those with conjunctival 
flaps showed much less tendency to leak—seepage being noted in only 2 of 12 
such eyes. More interesting than the rate with which the elevated pressure returned 
to normal was the general appearance of these eyes. When the section had been 
made within the cornea the line of the incision became moist with each rise in 
intraocular pressure. In eyes with a conjunctival flap and limbal section elevation 
of the pressure produced an edema of the flap along the entire length of the wound. 
This edema gradually subsided after the pressure had been released. It is note- 
worthy that with each rise in intraocular pressure fluid evidently passed through 
the interstices of the wound without actually reopening the incision. The anterior 
chamber remained present and of normal depth throughout the entire experiment 
in all except two eyes. In these eyes with corneal sections four and seven days 
old, respectively, frank rupture with loss of the anterior chamber occurred. Ap- 
parently the seepage of fluid acted as a safety valve against sudden rupture, for 
even when the wound did break the separation did not occur with sufficient rapidity 
to produce either prolapse of the iris or hyphema. Furthermore many of these 
eyes withstood a manometric pressure of 100 mm. of mercury. No attempt could 
be made to correlate these pressures with tonometric measurements, because the 
presence of the needle in the cornea made it impossible to use that instrument. 
Therefore we may conclude that although such edema of the conjunctival flap 
does denote seepage it is harmless unless the drainage becomes sufficient to alter 
the depth of the anterior chamber. 

Re-formation of Anterior Chamber.—Within recent years much emphasis has 
been placed upon the role delayed re-formation of the anterior chamber or its sub- 
sequent loss plays in the production of glaucoma after cataract extraction. Since 
the advent of gonioscopy we have become acutely conscious of the angle of the 
anterior chamber, and Sugar and others { have attempted to correlate its status 
with that of the ocular tension. Although the incidence of glaucoma is high when 
peripheral synechiae are extensive, the ocular tension may remain normal. A 
possible explanation for this apparent paradox is illustrated in the photomicrograph 
(Fig. 3). The angle of this anterior chamber is open but would appear closed 
when examined with the gonioscope. 

Although delayed re-formation of the anterior chamber is less frequent since 
the adoption of corneoscleral sutures, its subsequent loss is still common. Kron- 
field,** in an analysis of the hospital records on 749 cases operated upon for 
cataract, found that in 89% the anterior chamber promptly re-formed and main- 
tained its normal aphakic depth throughout the entire healing period. In 11% (83) 
the anterior chamber was either slow in re-forming or subsequently became absent. 
He studied the incidence of glaucoma in this group and found unmistakable evi- 
dence of the disease in only 6 of the 83 cases. In the 66 cases in which the 
re-formation of the anterior chamber had been completed by the sixth postoperative 
day no cases of glaucoma were recorded. In nine patients with complete re-forma- 
tion by the seventh or eighth postoperative day only one had glaucoma. Increased 
ocular tension was present in five of the eight patients in whom the anterior 
chamber was not permanently reestablished until between 9 and 12 days after 
operation, Recent analysis of 800 cataract extractions performed on private 
cases confirm to a large extent these observations of Kronfield (Fig. 4). 


{ References 81-84. 
648 


— 

a 
4 


OCULAR WOUND HEALING 


Fig. 3.—Section of an eye of a monkey three months after operation, showing an open angle 
of the anterior chamber with anteror synechia. 


INCIDENCE OF DELAYED REFORMATION 
OR LATE LOSS OF ANTERIOR CHAMBER 


Dunnington 


109 in 800 eyes 113%) 83 in 749 eyes 111%) 


Subsequent Glaucoma 
12 in 109 eyes (11%) 6 in 83 eyes (7%) 
Figure 4 


The cause of delayed re-formation or late loss of the anterior chamber is a 
debated question. Most authorities concede that this phenomenon always denotes 
a filtering cicatrix, but others do not agree, because of the occasional inability to 
demonstrate the exact site of the fistula. Failure to find the opening with the 
fluorescein test does not establish its absence, for either an intact conjunctival 
covering or an intermittently open fistula can lead to an erroneous reading. The 
clinical observation that an absent or shallow anterior chamber often accompanies 
a minute fistulous opening can be explained on the theory that under these con- 
ditions a smaller amount of aqueous humor is actually secreted. No such measure- 
ments have been made on humans, but Bellows ** working with dogs found less 
aqueous humor was secreted in the presence of a fistula. Thus it would seem that 
nature by reducing the flow of aqueous humor is attempting to facilitate closure 
of the opening. Using this reasoning, I sought to lower the incidence of late loss 
of the anterior chamber by lessening the output of aqueous humor through the 
systemic administration of acetazoleamide (Diamox). For this experiment 30 
cases of cataract extraction were given 500 mg. of acetazoleamide daily from the 
3rd to the 14th postoperative days. A control series was obtained by using it only 
on alternate cases. There were 3 instances of late loss of the anterior chamber 
among the 30 patients receiving acetazoleamide, and 2 among the 30 untreated 
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cases. It is interesting that similar findings are recorded by Vail.*? In his series 
of 97 cases, 67 of whom received 500 mg. of acetazoleamide from the third to 
eighth postoperative day, he noted “no difference in the depth of the anterior 
chamber in either the Diamox or non-Diamox cases.” 

Wound Rupture with Hyphema.—I\n spite of the recent advances in surgical 
technique, postoperative hemorrhage remains an annoying and frequent complica- 
tion of cataract extraction. In 1933 Vail ** analysed the data of 24 observers and 
recorded the average incidence of hyphema as 7.59%, while more recently higher 
percentages have been reported by Dubois-Poulson and Cragne * (21.49%) and 
Sedan (23.9%). These figures are remarkably close to the findings of my 
records on 800 cataract extractions performed within the past seven years. The 
presence of blood in the anterior chamber was noted postoperatively in 20.6% 
of these cases. My experimental studies indicate the reasons for this recent in- 
crease in the frequency of hyphema.*' I have demonstrated that although corneo- 
scleral sutures do afford sufficient support to prevent sudden complete rupture of 
the wound they do not abolish the slight gaping of its surfaces produced by the 
normal retractivity of the tissues. In fact, if the sutures are poorly inserted or 
tightly tied they may actually cause the wound to gape (Fig. 5). Furthermore, 


Fig. 5.—Section of an eye of a monkey two weeks after operation, showing gaping of the 
posterior part of the wound and hyphema produced by a tightly tied suture. 


the cellular reactions incited by the sutures themselves often lead to increased vas- 
cular response. Mildly chromicized surgical gut provokes a vascular reaction which 
increases in severity until absorption has been completed. This histological evidence 
supports the clinical observation that hyphema occurs more frequently and is 
severer in wounds closed with this material. Of the 800 cataract operations included 
in our series, in 400 the wounds were closed with 000000 black silk and in 400, 
with mildly chromicized 000000 surgical gut. The incidence of hyphema in the 
first group was 17.7%, in contrast to 23.5% in the wounds closed with surgical gut. 
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An undue stress suddenly applied to the eye with sufficient force to tear the 
newly formed capillaries in the anterior part of the wound will produce both the 
separation and the hyphema. The rapid onset of this type of rupture is in sharp 
contrast to the gradual development of the so-called seeping wound, The source 
of the pressure which springs the wound is not always clearly established, but all 
agree it can arise from forcible contraction of the eyelids or of the extraocular 
muscles. Gasteiger ®* and von Grosz believe that a certain “constitutional 
moment” occurs during the healing process when any slight external pressure on 
the eyeball may be sufficient to reopen the wound. Vail ** thinks this “constitutional 
moment” coincides with the onset of increased intraocular pressure. He believes 
the wound is reopened by a temporary glaucoma which arises on the third or 
fourth day after operation as the result of oversecretion of aqueous humor. 

To determine the role this so-called temporary glaucoma plays in the production 
of hyphema, I decided to keep the ocular tension reduced from the 3rd to the 14th 
day after operation by administering 500 mg. of acetazoleamide daily to alternate 
cases in 60 uncomplicated cataract extractions. In the 30 patients receiving 
acetazoleamide hyphema was noted four times, whereas in the 30 untreated ones 
it occurred three times. Vail,*? in a larger series of 67 treated cases, found the 
incidence to be 16% as compared with 6.6% in 30 untreated cases. 

In my experiments to determine the withholding power of sutured cataract 
incisions 7 and 10 days old, I observed that bleeding did not take place with sudden 
elevations of the intraocular pressure but did occur when an external force was 
applied suddenly to the eye. These hemorrhages into the anterior chamber devel- 
oped regardless of the status of the intraocular pressure. No measurement of the 
amount of the force was made, but the wounds were easily reopened by external 
pressure, From these observations one can argue that most hyphemas are precipi- 
tated by pressure exerted externally upon the eyeball rather than from separation 
produced by increased intraocular pressure. 

Wound Rupture with Tissue Incarceration.—Sudden rupture of an operative 
incision is now a rarity, but gradual separation of the surfaces of a wound is not 
uncommon. In either event tissue incarceration and abnormal healing are to be 
expected. The significance of this type of defective healing is shown by an analysis 
of pathological material from the files of the Institute of Ophthalmology of 
Presbyterian Hospital, New York. For this study microscopic examination was 
made of 297 globes removed after cataract extraction. Eyes in which other com- 
plicating conditions, e. g., perforating injury, could have resulted in enucleation 
were excluded, as were those from which a congenital cataract had been removed. 
Although abnormal healing is sometimes associated with such sequelae as sympa- 
thetic ophthalmia, endophthalmitis, retinal detachment, and secondary glaucoma, 
the 126 cases with these diagnosis were not included in this report. The path- 
ological processes induced by faulty wound healing in the other 171 eyes were 
tabulated as follows: 

Tissue incarceration 53 (31.0%) 
Stromal proliferation 56 (32.8%) 
Epithelial invasion 62 (36.2%) 


Because many specimens showed two or more of these findings, the final path- 
ological diagnosis had to be based upon the relative severity of the conditions. 

By arbitrarily dividing the cases into two groups I endeavoured to determine 
the effect corneoscleral sutures have exerted upon the incidence of these complica- 
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tions. I selected the year 1940 as the dividing line and considered the 53 eyes 
removed between 1929 and 1941 as having only conjunctival sutures, whereas in 
the 118 eyes enucleated since 1941 I assumed the wound had been closed with 
corneoscleral sutures. The findings are shown in Figure 6. The term tissue 


FAULTY WOUND HEALING EYES 


1929 - 1940 1941 - 1954 
53 eyes 18 eyes 


TISSUE INCARCERATION 14 - 264% 39 - 332% 
STROMAL PROLIFERATION 31 - 565% 25 - 211% 
EPITHELIAL INVASION 6 - 54 - 457% 


Fig. 6.—Pathological condition responsible for enucleation. 


incarceration was used to include all cases with iris, lens, or vitreous entangled 
in the wound. This complication, which accounted for enucleation in 53 (31% ) 
of the 171 eyes, was not appreciably different in the two groups. Its incidence 
prior to 1941 was 26.4%, and in the later group it was 33.2%. 

“Stromal overgrowth” has been suggested by Duke-Elder®™ to denote the 
presence of a large amount of fibroblastic-like tissue within the eyeball. The origin 
of this tissue and the forces exciting its growth have been discussed for many 
years. Henderson” in 1914 described such overgrowth as occurring in poorly 
apposed limbal incisions with a conjunctival flap. He believed incarcerated iris 
or lens capsule, by acting as a bridge, allowed the subconjunctival tissue to grow 
between the lips of the wound and to invade the anterior chamber. Collins * in 
his discussion of this idea stated that proliferation of connective tissue within the 
eye only occurred in the presence of infective material. However, Swan ® thinks 
this reaction arises from the sclera when lens matter, fibrin, or vitreous becomes 
incarcerated in the wound, Recently Levkoieva,** Tichomirov,” and Duke-Elder 
have described this proliferative process in gaping corneal wounds. They believe 
that in such cases closure is often effected by an exuberant overgrowth which is 
histologically identical with the processes of regeneration of the substantia propria 
of the cornea. Its cause is not known, but these authors attribute it to an irritating 
influence produced by the ocular fluids or by incarcerated tissue, Levkoieva ** 
demonstrated the frequency with which this type of healing occurred in badly 
apposed traumatic corneal wounds covered with conjunctival flaps and urged 
direct suturing to diminish its incidence. 

Of the 171 aphakic globes with faulty wound healing 56 (32.8%) showed 
evidence of extensive invasion of the eye by this fibroblastic or fibroblastic-like 
tissue. In these eyes there was often a history of loss of vitreous and incarcerated 
tissue was usually present. Large amounts of cortex and capsule were frequently 
found adjacent to the wound and appeared to have acted as the inciting mechanism 
for proliferation of this tissue. Daniels,“°° working on rabbits, found a similar 
invasion of the iris by connective tissue from the wound. In my studies on 
monkeys this type of overgrowth was encountered in poorly apposed wounds with 
incarceration of iris or lens matter (Fig. 7). 

Regardless of the source of this fibroblastic-like tissue, there are three requisites 
for its production: (1) posterior gaping or over-riding of the wound; (2) in- 
carceration of vitreous, lens matter, or iris in the wound; (3) an irritating stimu- 
lant within the eye. Inasmuch as this stromal overgrowth is primarily the result 
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Fig. 7.—A, section af an eye of a monkey three months after operation, showing retained 
lens capsule and stromal overgrowth. B, high-power view of inclosed area of A. 


of gross malposition of the wound, it is not surprising that its incidence has de- 
clined from 58.5% to 21.1% since the advent of corneoscleral suturing. 

Although recent improvements in wound closure have reduced the incidence 
of this complication, they have not had the same effect upon epithelial invasion of 
the anterior chamber. Interest in this baffling and frequent complication has grad- 
ually increased ever since its nature was first established by the histopathological 
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report of Collins and Cross" in 1892. They thought this lining of the anterior 
chamber had arisen from implantation of surface epithelium. A_ year later 
Guaita,'”* describing a ‘case, postulated that the epithelium within the eye had 
grown in through an imperfectly closed wound. Meller (1901),!°* by demon- 
strating the existence of a fistula, confirmed Guaita’s theory and Stalting’s 1 
earlier suggestion (1885) that epithelium could enter the eye through an operative 
wound, Between 1901 and 1931 many isolated case reports appeared in the litera- 
ture, but they only served to confirm the pathological findings and to emphasize 
the inefficacy of treatment. Corrado '* in 1931, through his experiments on rabbits, 
established that epithelization of the anterior chamber occurs only when there is 
delayed closure of the corneal incision. Perera (1937)'* found this complication 
in 4 of 35 aphakic globes subjected to microscopic study. In Theobald and 
Haas’s'’? examination of 75 aphakic eyes enucleated between 1934 and 1945, 
epithelial ingrowth was present 14 times. Calhoun’s'* description in 1948 of 
20 eyes in which he had seen the condition is further proof of its prevalence. 

In my statistics (Fig. 6) the increasing frequency of this complication is 
shown. According to these figures almost one-half of the enucleations done on 
aphakic eyes within recent years are the result of complications induced by 
epithelial invasion of the globe. The increase from 15.1% to 45.7% is disturbing, 
for it has occurred in spite of operative refinements that have materially reduced 
the over-all number of failures. Conscious of the frequency of this complication, 
Theobald and Haas '* urged the use of an adequate conjunctival flap as the best 
protection against its development. The soundness of this advice cannot be ques- 
tioned, for ample microscopic evidence is at hand to support their observation that 
epithelization is more prone to occur in a corneal wound than in a limbal incision 
with a flap. Although most ophthalmic surgeons use such a conjunctival covering, 
the incidence of this complication is rising. Furthermore, this increase has oc- 
curred during a period when the intracapsular method of extraction has become 
routine, greater emphasis has been placed upon wound closure, and much more 
attention has been directed to delayed healing. The experimental studies of 
Suzuki ' Perera,’ and others # have shown that it is difficult to produce viable 
conjunctival epithelium within the confines of the anterior chamber. Therefore 
it is hardly tenable to ascribe epithelization of the anterior chamber to incarceration 
of tags of conjunctiva. Both clinical and experimental observations have shown 
that epithelium will grow rapidly along the surface of a bit of incarcerated lens 
capsule, However, with the increasing use of the intracapsular technique this portal 
of entry is less frequently available. In the aphakic globes I examined his- 
tologically, the lens had been removed in toto in 36 of the 62 eyes with epitheliza- 
tion of the anterior chamber. 

What, then, is responsible for this increase? Inasmuch as most patients with 
this condition have had an uneventful operation and a smooth immediate post- 
operative course, neither vitreous loss nor iris prolapse can be implicated in its 
production. | agree with Vail ''! that “a slowly healing wound, delayed formation 
of the anterior chamber, leaking aqueous, and fistulization of the wound, are poten- 
tial precursors” of this conditions. My histological studies have shown that the 
slough caused by a deeply inserted and tightly tied suture may produce a weakened 
spot in the wound. If the slough is sufficiently deep or if the suture penetrates 
into the anterior chamber, aqueous humor will escape. With its loss the iris often 
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becomes impinged in the wound and delays closure. Thus the stage is set for 
epithelization of the anterior chamber. I have previously demonstrated that the 
smooth surface of a silk suture is an ideal track for the epithelium to follow.” 
When the material is chromicized surgical gut the epithelium does not manifest 
this same invasive quality, because in the process of disintegration the material 
swells and becomes rough.*® I find that epithelization of the anterior chamber 
usually results from a small defect in healing induced either by incarceration of a 
bit of lens capsule or by improper suturing with silk. 


Summary 


In reveiwing the modern concepts of healing, particular attention has been 
directed to the slowness with which the posterior part of a cataract incision be 
comes firmly united. My histological studies revealing this delay have been sub 
stantiated by Gliedman and Karlson’s '® experiments on the tensile strength of 
limbal wounds. The tissue responses to both absorbable and nonabsorbable sutures 
are discussed as is the effect of cortisone, corticotropin, thrombin, and heparin upon 
ocular wound healing. Inasmuch as subsequent rupture of an incision is the cause 
of most serious complications, this phase of the subject is fully covered. Experi- 
mental evidence is presented to show that increased intraocular pressure usually 
causes fluid to seep through the interstices of a recent wound, whereas pressure 
applied externally is more prone to produce a sudden rupture. The incidence of 
delayed re-formation or subsequent loss of the anterior chamber in my series of 
800 cataract extractions was 13% and corresponds closely to Kronfeld’s ®° finding 
of 11% in 749 cases. The postoperative administration of acetazoleamide ( Diamox ) 
neither cured nor pervented this complication, nor did it influence the incidence 
of hyphema. Bleeding into the anterior chamber was noted in 20.6% of 800 
cataract extractions. When silk was used its incidence was 17.7%, whereas with 
mildly chromicized surgical gut it was 23.5%. In 171 of the 297 aphakic globes 
subjected to microscopic study, faulty wound healing was the primary cause of 
the pathological process responsible for removal of the eye. These conditions were 
listed as follows: tissue incarceration 31%, stromal proliferation 32.8%, epithelial 
invasion 36.2%. Corneoscleral sutures have greatly reduced the complications 
resulting from gross imperfections in wound healing, but they have not done 
away with tissue incarceration and epithelial invasion of the anterior chamber 
conditions frequently produced by slight malposition of the wound. Of particular 
interest is the increased frequency of epithelial ingrowth—a diagnosis which was 
made in 45.7% of the aphakic globes enucleated because of faulty wound healing 
since 1941. Inasmuch as this condition can be produced by improper suturing, 
attention to such details as depth of the bite, tightness with which the suture is 


tied, and early removal of the nonabsorbable material should lessen its frequency. 


Dr. Ellen F. Regan assisted in the experimental studies and in the preparation of this 
paper, and Mrs. Marjorie Von Herbulis helped in compiling statistics and references 


REFERENCES 


1. Bowman, W.: Collected Papers, edited by J. Burdon-Sanderson and J. W. Hulke, 
London, Harrison & Sons, 1892, Vol. 1, p. 410. 

2. Ware, J.: An Enquiry in the Causes Which Have Most Commonly Prevented Success 
in the Operation of Extracting the Cataract, with an Account of the Means by Which They 
May Either Be Avoided or Rectified: To Which Are Added, Observations on the Dissipation of 
the Cataract, and on the Cure of the Gutta Serena; Also Additional Remarks on the Epiphora, 
or Watery Eye, London, C. Dilly, 1795 


655 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


3. Bischoff, F.: A Treatise on the Extraction of the Cataract, London, W. Bulmer, 1793, 
p. 67. 

4. Ranvier, M. L.: Anatomie generale: Une théorie nouvelle sur la cicatrisation et le réle de 
epithelium antérieur de la cornée dans la guérison des plaies de cette membrane, Compt. rend. 
Acad. sc. 123:1228, 1896 

5. Weinstein, A.: Experimentelle Untersuchungen tiber den Heilungsprocess bei perfori- 
renden Schnittwunden der Hornhaut, Arch. Augenh, 48:1-50, 1903. 

6. v. Salzer, F.: Ober das verhalten organischer Fremdkorper (Eihautchen und conserverter 
Pferdehornhaut) in der Hornhaut des Kaninchens, Arch. Augenh. 64 :379-390, 1909. 

7. Henderson, T.: A Histological Study of the Normal Healing of Wounds After Cataract 
Extraction, Ophth. Rev. 26:127-144, 1907. 

8. Dunnington, J. H.: Healing of Incisions for Cataract Extraction, Am. J. Ophth 
34 :36-45, 1951 

9. Ashton, N., and Cook, C.: Effect of Cortisone on Healing of Corneal Wounds, Brit 
J. Ophth. 35 :708-717, 1951. 

10. Tooke, R.: The Pathology of the Corneal Section and Its Complications in Cataract 
Extraction, Tr. Am. Ophth. Soc. 13:742-769, 1914. i 

11. Collins, E. T.: Post-Operative Complications of Cataract Extraction, Tr. Ophth. Soc 
U. Kingdom 34 :18-44, 1914. 

12. Maggiore, L.: Richerche istologische con deduzioni cliniche sui processi reparative 
normali e anormali della ferita corneale e sul decorso ed esito delle varie complicanze negli 
occhi operati di cataratta, Ann. ottal. e clin. ocul. 68:48; 561; 641; 721; 881, 1940; 69:1; 65, 
1941 

13. Purtscher, E.: Histologische Fruhuntersuchungen nach intracapsularer Staroperation, 
von Graefes Arch. Ophth. 144 :669-697, 1942. 

14. Kara, G. B.: Histologic Appearance of an Eye 4 Days After Cataract Operation, 
A.M.A. Arch. Ophth. 49 :285-292, 1953. 

15. Gliedman and Karlson: Wound Healing and Wound Strength of Sutured Limbal 
Wounds, Am. J. Ophth., to be published. 

16. Howes, E. L., and Harvey, S. C.: The Strength of the Healing Wound in Relation 
to the Holding Strength of the Catgut Suture, New England J. Med. 200:1285-1291, 1929. 

17. Howes, E. L.: The Strength of Wounds Sutured with Catgut and Silk, Surg. Gynec 
& Obst. 57 :309-317, 1933. 

18. Howes, E. L.: The Immediate Strength of the Sutured Wound, Surgery 7 :24-31, 1940 

19. Howes, FE. L.: How to Use Catgut, Surg. Gynec. & Obst. 73 :319-323, 1941. 

20. Bower, J. C.,, and Pearce, A. E.: The Superioity of Fine Catgut over Fine Silk as a 
Mucosal Suture in Gastric Surgery, Surg. Gynec, & Obst. 74 :649-654, 1942. 

21. Lupton, C. H.: The Principles of Surgical Technique with Comparison of Results 
Obtained with Fine Silk, Fine Chromic Catgut, and Large Catgut (Plain and Chromic), Am 
J. Surg. 57:122-137, 1942 

22. Meade, W. H., and Ochsner, A.: The Relative Value of Catgut, Silk, Linen and 
Cotton as Suture Materials, Surgery 7 :493-514, 1940 

23. Jenkins, H. P., and Hrdina, L. S.: Absorption of Surgical Gut (Catgut): I. The Decline 
in Tensile Strength in Tissues, Arch. Surg. 44:881-895, 1942 

24. Jenkins, H. P., and Hrdina, L. S.: Absorption of Surgical Gut (Catgut): II. Pepsin 
Digestion Tests for Evaluation of Duration of Tensile Strength in Tissues, Arch. Surg 
44 984-1003, 1942. 

25. Jenkins, H. P.; Hrdina, L. S.; Owens, F. E., Jr., and Swisher, F. M.: Absorption of 
Surgical Gut (Catgut): III. Duration in the Tissues After Loss of Tensile Strength, Arch 
Surg. 45:74-102, 1942 

2%. Jenkins, H. P.: Absorption of Surgical Gut (Catgut): IV. Recommendations for 
Absorbability and Digestibility Specifications, Arch. Surg. 45 :323-334, 1942 

27. Fralick, F. B.: 6-0 Chromatized Gut in Wound Closure After Cataract Extraction, 
West Virginia M. J. 46:251-255, 1950 

28, Dunnington, J. H., and Regan, E. F.: The Effect of Sutures and of Thrombin upon 
Ocular Wound Healing, Am. J. Ophth. 35:167-176, 1952 

29. Dunnington, J. H., and Regan, E. F.: Absorbable Sutures in Cataract Surgery, A. M. A. 


Arch. Ophth. 50:545 556, 1953 


656 


‘ 

; 

ae 


OCULAR WOUND HEALING 


30. Ragan, C.; Grokoest, A. W., and Boots, R. H.: Effect of Adrenocorticotrophic Hormone 
(ACTH) on Rheumatoid Arthritis, Am. J. Med. 7:741-750, 1949 

31. Ragan, C.; Howes, E. L.; Plotz, C. M.; Meyer, K., and Blunt, J. W.: Effect of 
Cortisone on Production of Granulation Tissue in the Rabbit, Proc. Soc. Exper. Biol. & Med 
72:718-721, 1949. 

32. Ragan, C.; Howes, E. L.; Plotz, C. M.; Meyer, K.; Blunt, J. W., and Lattes, R.: The 
Effect of ACTH and Cortisone on Connective Tissue, Bull. New York Acad. Med. 26:251-254, 
1950 

33. Zoger, S.: Observations of the Influence of Cortisone on Tissue Response to Injury, Yale 
J. Biol. & Med. 25 :202-213, 1952 

34. Lattes, R.; Blunt, J. W.; Rose, H. M.; Jessar, R. A.; Vaillancourt, de G., and Regan, 
C.: Lack of Cortisone Effect in the Early Stages of Inflammation and Repair, Am. J. Path 
29 :1-19, 1953. 

35. Bangham, A. D.: The Effect of Cortisone on Wound Healing, Brit. J. Exper. Path 
32 :77-84, 1951. 

36. Meadows, E. C., and Prudden, J. F.: A Study of the Influence of Adrenal Steroids on 
the Strength of Healing Wounds, Surgery 33:841-848, 1953 

37. Baxter, H.; Schiller, C.; Whiteside, J., and Straith, R. E.: The Influence of Cortisone 
of Skin and Wound Healing in Experimental Animals, Plast. & Reconstruct. Surg. 7 :24-31, 
1951. 

38. Howes, E. L.; Plotz, C. M.; Blunt, J. W., and Ragan, C.: Retardation of Wound 
Healing by Cortisone, Surgery 28:177-181, 1950. 

39. Bellingham, R. E.; Krohn, P. L., and Medawar, P. B.: Effect of Locally Applied 
Cortisone Acetate on Survival of Skin Homografts in Rabbits, Brit. M. J. 2:1049-1053, 1951 

40. Bourne, G. H.: Cortisone and Vitamin C in Wound Healing, Internat. Ztschr. Vitamin- 
forsch. 24 :318-330, 1952. 

41. Cole, J. W.; Orbison, J. L.; Holden, W. D.; Hancock, T. J., and Lindsay, J. F.: A 
Histological Study of the Effect of Cortisone on Wound Healing per Primam, an Experi- 
mental Study, Surg. Gynec. & Obst. 93:321-326, 1951. 

42. Yasuna, J. M.; Ojers, G. W.; Frayer, W. C., and Scheie, H. G.: An Experimental 
Study of the Effect of Cortisone on the Eye, Am. J. Ophth. 37 :923-931, 1954. 

43. Leopold, I. H.; Purnell, J. E.; Cannon, E. J.; Steinmetz, C. G., and MacDonald, P. R.: 
Local and Systemic Cortisone in Ocular Disease, Am. J. Ophth. 34:361-371, 1951. 

44. James, W. H.; Power, J. L., and Ripple, P. H.: Experimental and Clinical Observations 
on the Effects of Cortisone in Corneal Lesions, Am. J. Ophth. 35:1298-1304, 1952 

45. Pentini, G.: Cortisone and Healing of Experimental Corneal Wounds in the Rabbit, 
Gior. ital. oftal. 5:373-386, 1952; abstracted, Ophth. Lit. 16:2266, 1952. 

46. Jarry, C., and Loisillier, L.: Etude expérimentale de l’action de la cortisone sur les 
incisions limbiques, Bull. et mém. Soc. francg. ophth. 66:264-269, 1953. 

47. Wyman, G. J., and Hollingshead, E. E.: Subconjunctival Cortisone in Iris Inclusion 
Surgery, Am. J. Ophth. 36:1617, 1953. 

48. Ashton, N.; Cook, C., and Langham, M.: Effect of Cortisone on Vascularization and 
Opacification of the Cornea Induced by Alloxan, Brit. J. Ophth. 35:718-724, 1951 

49. Lister, A., and Greaves, D. P.: Effect of Cortisone upon the Vascularization Which 
Follows Corneal Burns, Brit. J. Ophth. 35:725-729, 1951 

50. Newell, F. W., and Dixon, J. M.: Effect of Subconjunctival Cortisone upon the Im 
mediate Union of Experimental Corneal Grafts, Am. J. Ophth. 34:977-982, 1951 

51. Baxter, H.; Schiller, C., and Whiteside, J. H.: The Influence of ACTH on Wound 
Healing in Man, Plast. & Reconstruct. Surg. 7:85-99, 1951 

52. Alrich, E. M.; Carter, S. P., and Lehman, E. P.: The Effect of ACTH and Cortisone 
on Wound Healing: An Experimental Study, Ann. Surg. 133:783-789, 1951 

53. Schilling, J. A.; Radakovich, M.; Favata, B. V.; Filer, L. J., Jr., and Jespersen, H. W 
The Relationship of Vitamin C and ACTH in Wound Healing, Surg. Gynec. & Obst. 97 :434 
438, 1953. 

54. Ascorbic Acid and ACTH in Experimental Wounds, Nutrition Rev. 12:124-126, 1954 

55. Hogan, M. J.; Engelman, E. P.; Thygeson, P., and Krupp, M. A.: Effect of ACTH 
and Cortisone on Ocular Disease, Am. J. Ophth. 34:73-86 (May, Pt. 2) 1951 

56. Henderson, J. W., and Hollenhorst, R. W.: Clinical Observations on the Use of Cortisone 
in Ophthalmic Diseases: Preliminary Report, Proc. Staff Meet. Mayd Clin. 25:459-462, 1951 


657 


4 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


57. Holland, R. W. B., and Lepisto, V. E.: Cortisone and Neosone in Complications Follow- 
ing Cataract Surgery, Am. J. Ophth. 38:201-203, 1954. 

58. Saviow, E. D., and Dunphy, J. E.: The Healing of the Disrupted and Resutured Wound, 
Surgery 36:362-370, 1954. 

59. De Kleine, E. H.: Observations on the Effect of Cortisone on Healing and Scar 
Formation, Plast. & Reconstruct. Surg. 9:473-477, 1952 

60. Parry, T. G. W., and Laszlo, G. C.: Thrombin Technique in Ophthalmic Surgery, Brit. 
J. Ophth. 30:176-178, 1946 
61. v. Grosz, S.: Biologisches Verfahren zur Sicherung der Wunde bei Staroperationen, 
Klin. Monatsbl. Augenh. 115 :393-395, 1949. . 

62. Tassman, |. S.: Experimental Studies with Physiologic Glue (Autogenous Plasma plus 
Thrombin) for Use in the Eyes, Am. J. Ophth. 33 :870-878, 1950. 

63. Tassman, I. S.: The Use of Fibrin Glue in Ocular Surgery, in Proceedings of the 4th 
Pan-American Congress of Ophthalmology, 1952, Vol. 3, pp. 1404-1413. 

6A. Town, A. E., and Naidoff, D.: Fibrin Closure in Eye Surgery, Am. J. Ophth. 33 :879-882, 
1950 
65. Savory, M.: Some Uses of Thrombin and Fibrinogen in Ophthalmic Surgery, Tr 
Ophth. Soc. U. Kingdom 67 :323-336, 1947 
66. Brown, A.’L., and Nantz, F. A.: The Use of Fibrin Coagulum Fixation in Ocular 
Surgery: In Retinal Detachment, Tr. Am. Acad. Ophth. 54:126-130, 1949. 

67. Pirani, C. L.; Stepto, RK. C., and Consolazio, C. F.: Effects of ACTH on Wound Healing 
at Various Levels of Ascorbic Acid Intake, Fed. Proc. 11 :423-424, 1952. 

68. Clayton, B. E.: The Effect of Cortisone in Guinea Pigs, J. Endocrinol. 11 :83-88, 1954. 
69. Bartlett, M. K.; Jones, C. M., and Ryan, A. E.: Vitamin C and Wound Healing: 
|. Experimental Wounds in Guinea Pigs, New England J. Med. 226:469-473, 1942 

70. Bartlett, M. K.; Jones, C. M., and Ryan, A. E.: Vitamin C and Wound Healing: 
Il. Ascorbic Acid Content and Tensile Strength of Healing Wounds in Human Beings, New 
England J. Med. 226:474-481, 1942. 

71. Crandon, J. H.; Mikal, S., and Landau, B. S.: Ascorbic Acid in Surgical Patients with 
Particular Reference to Their Bloody Buffy Layer: I. Survey of Blood and Tissues, Surg 
Gynec. & Obst. 95 :274-280, 1952 

72. Zakrzewski, Z.: Die Rolle des Prothrombins und Heparins bei der Proliferation und 
Differenzierung von Geweben, Arch. exper. Zellforsch. 13:152-175, 1932 

73. Bick, M. W.: Heparinization of the Eye, Am. J. Ophth. 32 :663-670, 1949. 

74. Bick, M. W., and Haines, R. W.: Local Use of Heparin in the Eye: Pellet Implantation 
at an Experimental Filtering Site, Am. J. Ophth. 32:774-780, 1949 

75. Vannas, S.: Experimental and Clinical Investigations into the Effect of Locally Admin 
istered Heparin on the Eye, Acta ophth., Supp. 40, pp. 1-102, 1952. 

76. Binder, R., and Binder, H.: Experimentelle Untersuchungen tiber den Einfluss von Anti- 
coagulantien auf die Heilung von Hornhautschnittwunden, von graefes Arch. Ophth. 155 :337 
344, 1954 

77. Pirani, C. L.; Stepto, R. C., and Sutherland, K.: Desoxycorticosterone Acetate and 
Wound Healing, J. Exper. Med. 93:217-228, 1951. 

78. Forano, L.: Influenza del desossicorticosterone e dell’ormone corticotropo sul processo 
di riparazione delle ferite corneali, Rass. ital. ottal, 20:90-101, 1951 

79. Gradle, H. S., and Sugar, H. S.: Wound Rupture After Cataract Extraction, Tr. Am 
Ophth. Soc. 39 :94-104, 1941 

80. Guerry, D., II: The Use of the Sanborn Electromanometer in the Study of Pharmaco 
logical Effects upon the Intra-Ocular Pressure, Tr. Am. Ophth. Soc. 49:525-555, 1951 

81. Sugar, H. S.: Concerning the Chamber Angle: I. Gonioscopy, Am. J. Ophth. 23 853-866, 
1940 

82. Sugar, H. S.: Gonioscopy and Glaucoma, Arch. Ophth. 25 :674-717, 1941. 

83. Kronfeld, P. C.,, and Grossman, E. E.: The Relation of Gonioscopic Findings to the 
Incidence of Secondary Glaucoma in Operative Aphakia, Tr. Am. Acad. Ophth. 45:184-196, 
1941 

84. Kronfeld, P. C., and Haas, J. S.: Glaucoma Due to Peripheral Anterior Synechias After 
Operation for Cataract, Arch. Ophth. 33:199-202, 1945 : 

85. Kronfeld, P. C.: Delayed Restoration of the Anterior Chamber, Am. J. Ophth. 38-453 


465, 1954 
658 


_ 


OCULAR WOUND HEALING 


86. Bellows, J. G., and Chinn, H.: Regeneration of the Aqueous, Arch, Ophth. 24:1144-1166, 
1940. 

87. Vail, D. T.: Personal communication to the author. 

88. Vail, D. T.: On Hyphema After Cataract Extraction, Tr. Am. Ophth. Soc. 31 :496-527, 
1933 

89. Dubois-Poulson, A., and Cragne, H.: Thérapeutique des hémorragies post-opératoires dans 
lai cataracte, Ann. therap. opht. 1 :137-148, 1950. 

90. Sedan, J.: Les Hémorragies postopératoires de la cataracte, Ann. ocul. 184:1-16, 1951. 

91. Dunnington, J. H.: Defective Ocular Healing: An Experimental and Clinical Study, Tr 
‘anad. Ophth. Soc., to be published 

92. Gasteiger, H.: Uber Wundsprengen nach Staroperationen, Ztschr. Augenh. 57 :21-31, 1925 

93. v. Grosz, E.: Uber einige Operationsmethoden an der koniglick ungarischen Universitat 
Klinik Nr. I in Budapest, von Graefes Arch. Ophth. 105 :1075-1083, 1921. 

94. Duke-Elder, W. S.: Text-Book of Ophthalmology, London, Henry Kimpton, 1954, Vol 
6, pp. 6012-6013 

95. Henderson, T.: Post-Operative Complications of Cataract Extraction, Tr. Ophth, Soc 
U. Kingdom 34:88-91, 1914 

96. Collins, E. T.: Post-Operative Complications of Cataract Extraction, Tr. Ophth. Soc 
U. Kingdom 34:97, 1914 

97. Swan, K. C.: Some Contemporary Concepts of Scleral Disease, A. M. A. Arch. Ophth. 
45 :630-644, 1951. 

98. Levkoieva, E.: The Regeneration of Wounds of External Membrane of the Eye in the 
Light of New Pathologico-Anatomic Results, Brit. J. Ophth. 31 :336-361, 1947 

99. Tichomirov, P. E.: Atrophy of the Eye After Penetrating Injuries and Their Treatment, 
Vestnik oftal. 27:22-25, 1948 

100. Daniel, R. K.: Healing of the Iris in Rabbits Following Experimental Iridectomy, 
Arch. Ophth. 31:292-298, 1944. 

101. Collins, E. T., and Cross, F. R.: Two Cases of Epithelial Implantation Cyst in the 
Anterior Chamber After Extraction of Cataract, Tr. Ophth. Soc. U. Kingdom 12:175-180, 1892 

102. Guaita, M.: Proliferation de l’endothelium cornéen sur l'iris et le champ pupilaire aprés 
extraction de la cataracte, Arch. opht. 13:507-508, 1893. 

103. Meller, J.: Uber Epitheleinsenkung und Cystenbildung im Auge, von Graefes Arch 
Ophth. 52:436-445, 1901 

104. Stalting: Die Entstehung seroser Iriscysten, von Graefes Arch. Ophth. 31 :99-117, 1885 

105. Corrado, M.: Glaucoma secondaris a penetrazione e proliferazione di epitelia in ©. A 
in occhio operato di cataratta, Ann. ottal. e clin. ocul. 59:706-717, 1931 

106. Perera, C. A.: Epithelium in the Anterior Chamber of the Eye After Operation and 
Injury, Tr. Am. Acad. Ophth. 42 :142-164, 1937. 

107. Theobald, G. D., and Haas, J. S.: Epithelial Invasion of the Anterior Chamber 
Following Cataract Extraction, Tr. Am. Acad. Ophth. 52:470-485, 1948 

108. Calhoun, F. P., Jr.: The Clinical Recognition and Treatment of Epithelization of the 
Anterior Chamber Following Cataract Extraction, Tr. Am. Ophth. Soc. 47 :498-553, 1949 

109. Suzuki, J.: Experimentelle Studien uber die Entstehung der traumatischen serosen 
Iriscysten, Acta Soc. ophth. japon. 34:107-162, 1930; abstracted, Zentralbl. ges. Ophth 
25 :249, 1931 

110. Masse, E.: Nouvelles expériences sur les greffes iriennes destinées a établir l'étiologie des 
kystes de l'iris, Compt. rend. Acad. sc. 96:202-203, 1883. 

111. Vail, D.: Epithelial Downgrowth into the Anterior Chamber Following Cataract 
Extraction Arrested by Radium Treatment, Tr. Am. Ophth. Soc. 33:306-325, 1935 


659 


Management of Exophthalmos 


Exophthalmos ine lo P, athology in the 
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W. E. FRY, M.D., Philadelphia 


Exophthalmos is the sign of orbital disease of prime importance. The amount 
of proptosis may vary considerably in various types of diseases. It may be 
minimal where the amount of exophthalmos is questionable, or it may be marked 
so that an unusual appearance of proptosis is present. At times cases have been 
reported where the eyeball has been displaced anterior to the lids. The determina- 
tion of exophthalmos may be made by inspection or may be made by measurement. 

In considering the differential diagnosis, the question of bilateral and unilateral 
exophthalmos is important, and it is also important to observe the rate of develop- 
ment of the exophthalmos. Measurement of the exophthalmos may be done by 
rather simple methods, such as using a millimeter rule and estimating the amount 
of proptosis of the anterior portion of the cornea beyond the level of the external 
angular rim of the orbit. However, the Hertle exophthalmometer remains an in- 
strument of choice. Unilateral cases of exophthalmos are of particular interest. 
Various statistics with regard to groups of cases have been analyzed, and one 
feature that has been pointed out is this: In cases of unilateral exophthalmos 
wherein obvious inflammatory disease can be -ruled out, a high percentage, in 
some instances as much as 50% of the cases, have been found to be due to a 
retro-orbital tumor. 

It has been customary to deal with conditions producing exophthalmos under 
various listings: First, as primary disease, wherein the disease originates within 
the orbit itself; next, as secondary disease, wherein the disease may originate in 
associated structures, such as the eyelid, the paranasal sinuses, and the intracranial 
cavity, and third, as a condition which may represent a metastatic lesion. 


Inflammatory Conditions of the Orbit 


Acute inflammatory conditions may arise primarily in the orbit, for instance, 
from a stab wound, but more frequently such infections arise from sources out- 
side the orbit or may be metastatic and will be considered under that category. 

Chronic orbital cellulitis may arise either through disease in the orbit or as 
a periosteitis. 
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Pseudotumors of the orbit are an important cause of exophthalmos. The 
term pseudotumor or inflammatory pseudotumor of the orbit has never been 
considered a satisfactory designation, but no one has suggested a better name 
and probably none will be forthcoming until the etiology is established. Such 
a designation as orbital myositis is unsatisfactory. 

The classification which was brought out by Birch-Herschfield a number of 
years ago still seems to be a satisfactory one. He forms three groups in his 
classification. In Group 1 are cases in which there is a syndrome of a benign or 
malignant neoplasm but in which recovery occurs spontaneously ‘or upon the 
administration of medical treatment. In Group 2 are cases in which the diagnosis 
of orbital tumor is made clinically but in which no tumor is found when the 
orbit is explored. In Group 3 are cases in which a retro-orbital tumor is diag- 
nosed clinically and in which one can be found and palpated at operation but in 
which microscopic examination of removed tissue reveals only chronic inflam- 
matory tissue. 

The pathologic picture varies in different reported cases, Reese divides the 
pathologic picture imo four categories, in the first of which there is prominent 
formation of lymph follicles. In the second, there are focal and perivascular 
lymphocytic accumulations, usually with muscle involvement. In the third group 
are conditions in which the chronic inflammation is diffuse throughout the tissue, 
with little or no destruction and scarring. In the fourth group are those which 
consist essentially of old fibrous tissue with little inflammatory reaction. The 
above pathologic grouping is useful in examining various specimens. Whether this 
represents a different disease process or whether it represents the same disease 
process in various stages is open to question. It is reasonable to believe, however, 
that these represent various stages of the same disease process. 

A number of these cases have come to operation in the past because of the 
doubt with regard to the existence of an orbital tumor. The cases in which this 
is done may show marked improvement after removal of varying amounts of in- 
flammatory tissue. The cases in which surgery is not done slowly show signs of 
improvement, and frequently the condition ends in enophthalmia. 


Vascular Conditions 


The following vascular conditions can produce exophthalmos: (1) an 
aneurysm, (2) an orbital varix, (3) an arteriovenous aneurysm, (4) retro-orbital 
hemorrhage. 

Orbital saccular aneurysms are rare but have been reported. When present 
they may produce a varying degree of exophthalmos and may be accompanied by 
a bruit. 

An orbital varix causes an interesting clinical phenomenon, namely, transient 
or intermittent proptosis. The condition consists in dilitation of orbital veins 
from various causes, probably the most frequent one being trauma. The diagnostic 
feature of this condition consists of a varying amount of proptosis, which may 
change in the course of a short time or may change slowly. A characteristic 
feature is that the proptosis will increase when the head is bent forward and 
decrease in an upright position. Pressure over the proptosed globe may reduce 
the amount of exophthalmos, and various changes, such as holding the breath 
or constriction about the neck, will cause a variation in the exophthalmos. A 
bruit and pulsation are features of this condition. Most authors recommend con- 
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servative therapy, but operation has been performed and consists in exposing 
the involved vessels and isolating them by ligation. 

Arteriovenous aneurysms most commonly occur in the cavernous sinus, in 
which there is a connection between the carotid artery and the cavernous sinus. 
These may occur spontaneously or may occur as a result of trauma. The spon- 
taneous cases are thought to be due to small congenital aneurysms which rupture 
because of distention. The traumatic cases may result from head trauma of 
various types. The outstanding feature of an arteriovenous aneurysm in the 
cavernous sinus is pulsating exophthalmos. The situation may begin either sud- 
denly or gradually. When it begins suddenly, there may be marked pain, with 
the rapid production of exophthalmos. When it begins gradually, the exophthal- 
mos may be less prominent, but it may be progressive and associated with a 


considerable degree of headache. In addition to these signs, a patient may com- 


plain of head noise accompanying the pulse beat; the pain may vary considerably; 
there is loss of vision. A bruit may be heard over the proptosed eye, and a thrill 
may be transmitted on palpation. 

Treatment has consisted of both nonsurgical and surgical methods. Many 
cases come to surgical treatment, which has consisted in ligation of the common 
or internal carotid arteries. A rare cause of bilateral exophthalmos has been the 
thrombosis of a portion of the circle of Willis seen as a traumatic condition in 
elderly persons. 

Hemorrhage as a cause of exophthalmos is usually secondary to trauma 
wherein proptosis gradually increases with the accumulation of blood behind 
the globe. If this is not relieved by thrombosis or by drainage, a cyst may form 
which eventually will require removal. 


Tumors 


Orbital tumors may be derived from any of the tissue components of the 
orbit. The great mass of orbital tissue is mesenchymal in origin. The epithelial 
tissues are represented by the lacrimal gland, and the neural tissues are repre- 
sented by the optic nerve and the branches of the sensory and motor nerves in 
their course through the orbit. 

Ingalls has reported a review of 216 orbital tumors of various types from 
the Laboratory of Pathology of the Institute of Ophthalmology of the Presby- 
terian Hospital in New York. There were 27 different types, but 11 groups rep- 
resented the commonest tumors, These were the following: (1) angioma, 16.2%; 

2) pseudotumor, 13.4%; (3) lymphosarcoma, 10.2%; (4) dermoid cyst, 9.2%; 
(5) carcinoma from the paranasal sinuses, 7.4%; (6) carcinoma of the lacrimal 
gland, 6.4%; (7) retinoblastoma, 5.6%; (8) meningioma, 4.6%; (9) melanoma, 
4%; (10) neurofibroma, 3.7%; (11) carcinoma secondary to that developing 
in the eyelids, 3.7%. 


Primary Tumors of the Orbit 


From the point of view of frequency, a hemangioma is one of the more 
important types of orbital tumor. It is frequently encapsulated. It may be radio- 
sensitive. It is congenital in origin, usually slow-growing at first, but making its 
appearance frequently during the latter part of the first decade or during the 
second decade in life. 


662 


J 

= 

& 


EXOPHTHALMOS 


Hemangiomas may vary considerably in size, and the symptoms which they 
produce may vary. Frequently, a considerable amount of exophthalmos or dis- 
placement of the eye can result with relatively few other symptoms. They fre- 
quently arise within the muscle cone, and when they are outside of the muscle 
cone they are commonly to the nasal side of the orbit. Occasionally they may 
increase suddenly in size because of hemorrhage. 

Four different types are recognized. First, the capillary type; second, the 
cavernous type; third, the hemangioendotheliomatous type; fourth, the circoid, or 
racemose type. 

The capillary type consists of numerous fine capillaries with proliferating 
endothelial cells. It may occur either as an encapsulated or as a nonencapsulated 
growth. 

The cavernous hemangioma is usually encapsulated, irregularly rounded, and 
composed of large blood spaces. 

The hemangioendotheliomata are composed of solid masses of endothelial cells 
with few or no patent vessels and very small blood channels when these exist. 
They may or may not be encapsulated. Variations in this type may represent 
a more malignant type of hemangioma. 

The racemose, or circoid, type consists essentially of numerous dilated and 
tortuous vessels. It may have a sudden onset as a result of hemorrhage in the 
orbit. Variations in hemangiomas occur, for instance, fibrohemangioma. 

Dermoid cysts are developmental tumors. The tumor consists of a cavity 
lined with epidermal cells and has a wall which contains glands and hair follicles. 
Such tumors are usually situated in the anterior third of the orbit and are evident 
early in life. Although these are located in the anterior portion of the orbit, 
frequently extensions of these cysts may go deeply into the orbit, sometimes 
nearly to the apex. 

Lymphomatoid tumors consist of masses of lymphocytes. There may be a 
minimal or well-defined follicle formation. They are without inflammatory cells. 
A report of 65 lymphomatous tumors by Heath indicated that the prognosis 
could not easily be correlated with the pathologic features. A recent review of 
a 15-year-old follow-up of 20 patients by McGavic indicated that the prognosis 
is much better than it has ordinarily been believed to be in the past. Diamond 
places these tumors in three categories. Category 1 he calls unicentric, without 
blood changes or other alterations. Category 2 he calls those with beginning 
generalization but with a reasonable amount of localization in the orbit. Category 
3 is the universal one in which patients with leukemia are placed. All of these 
cases should be treated by radiation. When surgery is done, it may be limited to 
biopsy in order to verify the diagnosis. 

Neurofibromas represent encapsulated growths associated with nerves or to 
which nerve fibers can be seen to pass in microscopic sections. They represent 
a part of von Recklinghausen’s disease, and it is important to examine cases of 
unilateral exophthalmos for signs of this disease, particularly café au lait spots. 


Plexiform neurofibromas are also associated with von Recklinghausen’s disease 
and represent diffuse changes that may involve a large portion of the orbit. At 
times the proptosis may be pulsating, because of intermittent pressure transmitted 
by accompanying vascular changes or because of a dehiscence in the roof of 
the orbit. 
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In neurilemmomas, or neurinomas, the histologic picture is characterized 
by a palisading of the nuclei and fibers. This fasciculation extends through the 
greater portions of the tumor. The nuclei tend to be elongated and slender. It is 
a rare tumor. 

Glioma of the optic nerve, although an uncommon tumor in the orbit, repre- 
sents the commonest tumor of the optic nerve. Three-quarters of these occur in 
the first decade of life. They are congenital in origin. The symptoms consist 
in gradual exophthalmos in children. The loss of vision is not evident, because 
the children do not complain of this. It is usually painless. The rotation of the 
globe is little affected. The rate of growth is very slow. At times there may be 
changes in the optic nerve, with development of optic atrophy. The site of the 
origin has been questioned, some believing these originate in or near the chiasm 
and extend forward rather than originating in the orbit and extending backward. 

They can be removed by operation, but sometimes the removal is incomplete, 
particularly when the growth extends through the optic foramen. Some surgeons 
recommend combined orbital and intracranial surgery for complete removal of 
these tumors. However, the literature states that frequently, even in incomplete 
removal, recurrence does not occur. At times these may be associated with von 
Recklinghausen’s disease. 

Verhoff divides the histological features of these tumors into three groups. 
In the first are those with delicate glial fibers and small cytoplasmic vacuoles. In 
the second group are those with coarse fibers and large vacuoles giving a myxo- 
matous appearance with circoid spaces similar to cavernous atrophy of the optic 
nerve. In the third group are those with spindle-shaped cells and coarse fibers. 

Meningiomas are much less frequent than are gliomas. They may arise from 


the sheath of the optic nerve. They frequently are encapsulated. They usually 
affect adults, the average age of reported cases being in the range of 40 years. 
They are frequently adherent to surrounding structures and may produce changes 
in the adjacent bones. They are slow-growing. They may be primary in the orbit 
and involve the cranial cavity secondarily, or they may be primary in the cranial 
cavity and involve the orbit secondarily. 


These cases frequently show loss of vision and optic atrophy; these symptoms 
may precede the exophthalmos. There may be irregular changes in the visual 
fields. The tumor is usually within the muscle cone, and it can give rise to changes 
in rotation. These tumors arise either from the endothelial cells lining the sub- 
deural space or from cells covering the arachnoid. The histological picture is that 
of whorls of spindle-shaped endothelial cells usually densely arranged. 

A variation of the meningioma is the psammoma, which may arise in connec- 
tion with the optic nerve. Rarely has it been reported from other portions of 
the orbit. 

Mixed tumors of the lacrimal gland form a definite group. Some of these 
have been reported under the designation of carcinoma of the lacrimal gland. The 
name, mixed tumor of the lacrimal gland, is derived from the type of tissues which 
many of these contain. They do not differ histologically from similar tumors in 
glands such as the maxillary gland. They frequently make their appearance in 
adult life and are commonly very slow in growing. They cause a proptosis with 
the eye pushed down and nasally; because of their slow growth, frequently a 
considerable amount of displacement may occur without diplopia arising. Some 
of these are well encapsulated; others are less so. It is generally agreed that the 
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well-encapsulated and well-differentiated cases respond more favorably to opera- 
tion, while those with less differentiation do not so respond and require exentera- 
tion rather than local excision of the tumor. X-ray diagnosis has helped, and 
the statement in general has been made that the more malignant tumors of this 
group will show an enlarged lacrimal gland fossa with increased density of the 
bone adjacent to the gland. These may be locally removed when they are well 
encapsulated. However, a certain percentage of these cases show involvement of 
the bone, and when this is present a more extensive operation is indicated. 

The tumor designated as a cylindroma represents a type of mixed tumor of the 
lacrimal gland in which the epithelial elements predominate so as to form a 
cylinder appearance within a myxomatous stroma. 

A variety of tumors derived from the mesothelial layers have been reported. 
These include sarcoma, fibroma, and fibrosarcoma; rhabdomyoma, and rhabdo- 
myosarcoma, lipoma, and liposarcoma. 

Sarcomata may be seen in children, and under such circumstances frequently 
are manifested by fairly rapid unilateral exophthalmos, sometimes associated with 
evidence of hemorrhage. Many of these tumors have a fairly undifferentiated 
structure, and so they cannot be easily classified. 

Rhabdomyoma and rhabdomyosarcoma are rare tumors. The rhabdomyosar- 
coma in particular is reported to be unusually malignant. The histologic picture 
in the rhabdomyoma indicates striated muscle cells within the tissue, whereas in 
the rhabdomyosarcoma the cell picture is that of numerous irregularly shaped 
cells with nuclei of various size and only an occasional striation evident. 

Other mesoblastic tumors are lomyomata, chondroma, and osteomata. 

A teratoma represents a developmental tumor, These are rare, and few have 
been reported in the literature. 


Orbital Conditions Secondary to Primary Disease Elsewhere 


Orbital disease may be secondary to disease located in the paranasal sinuses, 
in the cranial cavity, in the lids, in the conjunctiva, and in the globe. 

Paranasal sinus disease may lead to orbital cellulitis, either chronic or acute 
in manifestation. The ethmoid and frontal sinuses are probably the most impor- 
tant ones in this respect, although other sinuses are also involved at times, The 
mechanism by which the orbital involvement is carried out is either by direct 
extension through perforations in the very thin bone that separates the sinuses 
and the orbit or by means of a process of thrombophlebitis and extension of the 
infection along the vessels. 

The formation of the mucocele will produce marked exophthalmos. The usual 
site of such a tumor-like formation is at the upper inner angle of the orbit, so 
that the eye is displaced outward and downward. A mucocele consists of a cyst- 
like degeneration and dilatation of the lining membrane of the sinus. This area 
enlarges and finally extends into the orbital cavity. Such growths are usually 
chronic and slowly growing and are usually unassociated with pain, and frequently 
nasal symptoms are lacking. Rarely, they may be bilateral. 

Mucocele of the frontal sinus is probably the commonest and appears at the 
upper inner angle of the orbit. Mucocele of the ethmoid sinuses is also relatively 
common and makes its appearance behind the inner portion of the upper lid. 
Mucocele of other sinuses is relatively less frequent. Treatment of these consists 
in surgical removal. 
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Osteomyelitis of the superior maxilla in infants is an important cause of 
exophthalmos during the first year of life. This condition is consequent upon 
infection around a dental follicle or may occur as a result of transient bacteriemia 
from other areas, as for instance, the intestine. The condition can be suspected 
in cases of unilateral facial swelling with orbital cellulitis in infants. 

Cavernous sinus thrombosis is another condition which has a serious prognosis. 
This is seen very much less frequently now, because of the effectiveness of anti- 
biotics. At one time it was a fairly common condition in the nose and throat 
services of general hospitals. The frequent exciting cause was a mastoiditis with 
infection of the cavernous sinus by way of the lateral sinus. The symptoms 
included a rapid onset with rise in temperature, pain over the eye, progressive 
exophthalmos, and all the symptoms of a cellulitis with tenderness over the 
ophthalmic division of the fifth nerve. Frequently papilledema and loss of vision 
were associated with the other ocular symptoms. 

Treatment requires all the methods available and antibiotic drugs in the control 
of primary as well as the secondary infection. Surgical methods frequently 
are used. 

Malignant tumors involving the nasal pharynx, although rare, may produce 
orbital complications when they extend into the apex of the orbit. The syndrome 
of the apex of the orbit indicates involvement of the apex of the petrous bone. 
The orbital syndrome is present when branches of the third, fourth, fifth, and 
sixth nerves become involved along with exophthalmos. Diplopia may be an 
early symptom, Cases of unexplained diplopia associated with facial neuralgia 
and with swollen lymph nodes should lead one to investigate the possibility of 
a retropharyngeal tumor. 

Meningiomas involving the ridge of the sphenoid bone may give rise to a 
slowly progressive, painless, and nonpulsating exophthalmos. This will be related 
to lack of involvement of the globe, with normal vision, fields, and eyegrounds. 
There tends to be an appearance of suprazygomatic fullness, and x-ray findings 
indicate hyperostosis of the sphenoidal ridge. These occur most frequently in 
women of middle age and, curiously enough, have been more frequently noted on 
the left side. 


Carcinoma of the eyelids may involve the orbit. It may be either basal-cell 
or squamous-cell in type. There may be a tendency for such tumors to extend 
into the orbit before unusual damage to the lid is evident. An early sign of such 
extension is limitation of ocular rotations and diplopia as a result of infiltration of 
the orbit with involvement of the ocular muscles. 


Carcinoma of the nasal sinuses may rarely involve the orbit, the antrum and 
the ethmoidal cells being the most frequent site of such invasion. Occasionally, 
one of the early symptoms of such involvement is exophthalmos before there is 
other clinical evidence of the primary involvement in the nasal accessory sinus. 

Occasionally, malignant melanoma or melanosarcoma that is primary in the 
conjunctiva may extend into the orbit and extensive melanomatous growths pro 
duce exophthalmos with limitation of rotation. 

Involvement of the orbit by an intraocular tumor is possible secondary either 
to malignant melanoma or to retinoblastoma of the eye. Sometimes such orbital 
involvement, particularly in cases of malignant melanoma, may be evident before 
the intraocular tumor has grown extensively. 
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Metastatic Involvement of the Orbit 


The orbit may be involved by metastatic growth of carcinoma, the most fre 
quent primary sites being the breast, stomach, and prostate. Such metastatic 


involvement leads to proptosis and limitation of rotation and some edema and 


fullness of the eyelids. Some authors have noted that inflammatory signs associated 
with metastatic carcinoma may be extensive. Samuels has noted that metastatic 
carcinoma of the orbit is only one-fifth as frequent as metastatic involvement of 
the globe. 

Metastatic neuroblastoma of the orbit usually arises from a primary growth 
in the adrenal medulla. When the orbit is involved, the tumor is the Hutchinson 
type and is accompanied by exophthalmos, ecchymosis of the lids, a tendency to 
hydrocephalis, papilledema, and cachexia. It arises in children, usually under 10 
years of age, commonly only 2 or 3 years of age. 

Finally, it should be mentioned that after enucleation recurrent growths may 
occur in the orbit and at times a so-called amputation neuroma may develop in 
the orbit. This may account for persistent pain in the orbit following enucleation, 
and when such a condition is evident the neuroma should be excised. 
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This discussion will be limited to the unique constellation of ophthalmopathic 
phenomena in which exophthalmos is only one of several manifestations and 
which has been known variously as malignant or progressive exophthalmos, 
hyperophthalmopathic Graves’ disease, exophthalmic ophthalmoplegia, and the 
infiltrative ophthalmopathy of Graves’ disease. It is usually accompanied by 
hyperthyroidism but may occur in euthyroid persons or occasionally in patients 
who are in a hypothyroid state throughout. Milder variants of the syndrome 
have even been described in Cushing’s disease. After more than a century of 
fruitless speculation concerning its etiology and pathogenesis, interest began to 
center on the adenohypophysis as an important factor about 20 years ago, and 
in 1944 the nosological concept of Mulvany! further influenced this trend of 
thought. This concept divided exophthalmos into thyrotoxic and_ thyrotropic 
types. The former (thyrotoxic) included the milder syndromes manifested chiefly 
by exophthalmos, lid retraction, and thinning of the extrinsic muscles; enjoyed 
a favorable prognosis, and was believed to be due directly to the accompanying 
hyperthyroidism, The latter (thyrotropic) represented a more serious disorder, 
accompanied by edema and congestive phenomena in the lids, conjunctivae, and 
orbital tissues, with swelling of the extrinsic muscles and a tendency to progres- 
sion; hyperthyroidism was mild or absent, and the etiology was ascribed to the 
adenohypophysis. Today this dualistic concept has been generally replaced by a 
unitarian view which regards these variations as possessing a common etiology 
and differing quantitatively rather than qualitatively, and the terms “thyrotoxic” 
and “thyrotropic” have been largely abandoned. We may therefore conveniently 
think of endocrine exophthalmos as a spectrum ranging from the mild, Static, 
or reversible forms to the most severely progressive, in which vision may be lost 
from several causes. 

In the full-blown picture the findings include proptosis, edema and pigmentation 
of the lids, conjunctival injection and chemosis, enlargement of the lacrymal 
glands, swelling of the extrinsic muscles due to edema and infiltration with 
lymphocytes and phagocytic cells containing fat droplets, and increased volume of 
the orbital contents resulting from edema, cellular infiltration, increased fat de- 
posits, and obstruction to venous and lymphatic drainage. The onset is variable. 
It may precede or follow the appearance of hyperthyroidism, occur without any 
evidence of thyroid dysfunction, or begin after the spontaneous or induced remis- 
sion of hyperthyroidism, particularly if the latter has been abrupt. It is sometimes 


accompanied by curious localized myxedematous changes in the pretibial area, 
and myxoid infiltrates (possibly hyaluronic acid complexes) have also been 
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described in the orbit. The clinical course is likewise variable, and spontaneous 
arrest or regression may render the evaluation of therapy difficult. In progressive 
cases varying degrees of immobilization of the globe may occur, often first mani- 
fested by limitation of upward gaze, and diplopia is a common symptom. Later, 
corneal exposure and drying may be followed by erosion, perforation, and infec- 
tion of the anterior chamber or panophthalmitis. Other serious complications 
include papilledema, optic neuropathy, glaucoma, retinal detachment, and throm- 
bosis of the retinal veins or arteries. Occasionally the tremendous increase in 
intraorbital pressure causes complete extrusion of the globe. The congestive and 
infiltrative phenomena described above tend ultimately to be followed by more per- 
manent changes, which may appear at any stage of progression. These include 
induration of the lids, fibrous pseudohypertrophy of the extrinsic muscles, and 
fibrosis or brawny induration of the retrobulbar tissues producing irreversible 
proptosis. Occasionally several spontaneous partial remissions and exacerbations 
of the congestive and infiltrative phase may occur prior to the advent of the more 
permanent changes. Complete recession of proptosis is rare when the congestive 
and infiltrative phenomena have become well established, although a misleading 
impression of recession may result from a decrease in lid retraction, 

The exophthalmos is often asymmetrical and may appear to be unilateral 
temporarily in the early stages or occasionally throughout the entire course of 
the disorder. This sometimes renders difficult its differentiation from orbital 
tumors and inflammatory pseudotumors and other nonendocrine lesions. Its tend- 
ency toward subsidence following the administration of corticotropin and adrenal 
steroids has been utilized? in differential diagnosis, but the usefulness of this 
procedure seems doubtful. 

Sympathetic hypertonus associated with hyperthyroidism may play a minor 
role in causing lid retraction, and occasionally extrinsic muscle weakness may be 
a manifestation of widespread thyrotoxic myopathy. Such changes as_ the 
proptosis, the palprebral edema, and the chemosis can be explained by the patho- 
logical processes in the extrinsic muscles and retrobulbar orbital tissues, but the 
cause of the latter remains obscure. Interest in the adenohypophysis as an 
etiologic factor stimulated a series of investigations which strongly suggested that 
this gland was involved in some way in the pathogenesis of the orbital and 
muscular changes. Changes resembling those seen in human endocrine exoph- 
thalmos were produced by several investigators in experimental animals by the 
injection of various kinds of extracts of the adenohypophysis. Increased thyro 
tropin activity was reported in the serum of some patients with severe endocrine 
exophthalmos, but this has not been a consistent finding. Conflicting results have 
also been reported concerning the production of experimental exophthalmos with 
adrenal steroids. For a time it was believed that the excessive or uninhibited 
action of thyrotropin was responsible, but the work of Jefferies* and others 
indicates that this is not a tenable explanation. Friedgood* in 1941 suggested 
the existence of a specific ophthalmotropic principle in the adenohypophysis, and 


the recent work of Dobyns and his associates * has tended to support this concept. 
They have demonstrated the production of exophthalmos in the Atlantic minnow 
by pituitary extracts which contain none of the other known hormonal principles 
of this gland, and they have also produced exophthalmos in the same fish by the 
injection of serum from patients with hyperophthalmopathic Graves’ disease. 


| * References 5 and 6. 
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However, even if the existence of such a specific exophthalmos-producing sub- 
stance is eventually established, several important questions remain to be an- 
swered, These include the following: 1. What is the mode of action of this 
substance upon the retrobulbar orbital tissues and the extrinsic muscles of the 
eye? 2. Is its secretion controlled by hypothalmic influence, as is the case with most 


or all of the other known adenohypophyseal principles? 3. Is it a normal secretory 


product, prevented from exercising its effect under homeostatic conditions by some 
regulatory mechanism, or is it a pathological product released only under abnormal 
circumstances? 4. What factors may operate to release such normal inhibition, 
or to provoke the secretion of such an abnormal substance, and what role in 
particular may the thyroid play in such a mechanism? It is to be hoped that 
further exploration of these recently opened avenues of investigation will throw 
more light upon these and other questions and help us finally to understand this 
fascinating and mysterious problem, so important to ophthalmologist and en 
docrinologist alike. 
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The medical treatment of endocrine exophthalmos (malignant exophthalmos, 
progressive exophthalmos, metabolic exophthalmos, exophthalmic ophthalmoplegia, 
or hyperophthalmopathic Graves’ disease) has long been more speculative than 
definitive, as might be expected in a condition whose etiology is not known. Each 
recommended method of therapy has been reported to have varying degrees of 
efficacy in different hands, none being beneficial in every case. Evaluation of 
specific therapeutic measures is difficult because the numbers of cases in reported 
series are usually small, the criteria used to estimate the severity of the ophthal 
mopathy and its degree of response to therapy lack uniformity, and therapeutic 
regimens vary greatly, with several methods of treatment frequently being em- 
ployed simultaneously. In addition, the possibility of spontaneous remission must 
be considered. Until more evidence based on uniform observations is available, 
or until the etiology and pathological physiology of this puzzling disturbance are 
ascertained, no dogmatic statement regarding its proper definitive treatment can 
be made. Nevertheless, a brief review of the various recommended therapeutic 
measures in the light of the present status of knowledge in this field might be 
helpful. 

Preliminary Considerations 


Although the precise cause of endocrine exophthalmos remains a mystery, 
certain factors are recognized as probably playing roles in its development. 


These are (1) stress, especially of a nervous or emotional type; (2) pituitary 
dysfunction; (3) thyroid dysfunction, and (4) an increased amount of fluid in 
the orbital tissues. 


A history of severe nervous or emotional stress preceding the onset of exoph 
thalmos has been repeatedly encountered. Although the very nature of modern 
existence makes it difficult for anyone to avoid almost continuous exposure to 
stressful situations of one kind or another, the occurrence of a particularly dis 
tressing experience preceding the development of eye symptoms is sufficiently 
frequent to arouse a strong suspicion that a causal relationship exists. Means ' 
considers severe ophthalmopathy to be a part of the spectrum of Graves’ disease, 
a pathological state in which the precipitating nature of stress is perhaps more 
generally recognized. Why one person under suitable stress will develop ophthal 
mopathy ; another, classical Graves’ disease ; another, hypertension, and another, a 
peptic ulcer is one of the most challenging problems in current medical research. 
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The probable relationship of pituitary dysfunction to the development of 
ophthalmopathy has been foremost in the minds of workers in this field since 
Schockaert first described the production of exophthalmos in ducks following 
injections of pituitary extract (1931)*. Because clinical exophthalmos was so 
frequently associated with hyperthyroidism, and because pituitary extracts rich in 
thyrotropic hormone (TSH) were found to be particularly effective in producing 
exophthalmos in either intact or thyroidectomized animals, it was initially assumed 
that TSH was the responsible factor. Later, serious doubts were raised regarding 
the validity of this assumption. First, most patients with hypothyroidism, the 
condition in which an elevated level of TSH in the blood * and urine + has been 
most consistently demonstrated, do not develop exophthalmos. Second, although 
some patients with ophthalmopathy have been found to have elevated levels of 
TSH in the blood or urine, many have not.{ Third, preparations of pituitary 
extract in which TSH had been inactivated still produced exophthalmos in guinea 
pigs,’” and, fourth, fractionation of pituitary extraéts has demonstrated that the 
thyrotropic and exophthalmic factors can apparently be separated.1* Furthermore, 
the administration of TSH to human subjects for periods up to 22 days has 
failed to produce significant changes in exophthalmometer readings. There is 
still much debate concerning the role of TSH in the production of ophthalmopathy, 
but it seems safe to say that at the moment the evidence is against TSH alone 
being a causative factor. The possibility that under suitable circumstances it may 
have a contributing influence has not been excluded. The nature of the primary 
exophthalmos-producing factor is still obscure. It may be some as yet unknown 
pituitary fraction, or it may result from an abnormal response of peripheral 
tissues to pituitary stimulation of undetermined type. 

The role that thyroid dysfunction may play in the development of exophthal- 
mos is even more uncertain. Most cases of exophthalmos are associated with 
clinical findings of thyroid dysfunction, and there is evidence that at least some 
of the apparently euthyroid cases of this condition may have laboratory findings 
indicative of disturbed thyroid function.§ Nevertheless, the observation that 
experimental exophthalmos can be produced in thyroidectomized animals is some- 
what against an abnormal function of the thyroid gland per se being an essential 
factor. Yet, in human subjects, it might have a contributing effect. 

Whatever the uncertainties concerning the roles of the first three possible 
factors, there is unanimous agreement that the development of exophthalmos, both 
clinical and experimental, is associated with an increased amount of fluid in the 
orbital tissues. The mechanism of deposition of this fluid has been completely 
obscure, but the most attractive explanation so far proposed is that it may result 
from an increased deposition of a mucopolysaccharide which has a strong prop- 
erty of binding water. Excessive amounts of such a substance have been demon- 
strated in the orbital tissues of exophthalmic animals.|| This mucopolysaccharide 
behaves in a manner that suggests that it may be hyaluronic acid, a strongly 
hydrophilic compound which is an important component of mucin and of the 
ground substance of connective tissue. In excessive quantities it might cause 
increased retention of fluid. Asboe-Hansen* has presented suggestive evidence 

* References 3-9. 

+ References 3 and 10-14. 
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§ Reference 20 and Jefferies, W. McK.: Unpublished data. 

|| References 21 and 22. 
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that hyaluronic acid is produced by the mast cells in connective tissue, and he and 
Iversen {| have reported that an infiltration of the retrobulbar tissues with these 
cells accompanies the development of experimental exophthalmos. Other studies 
by these workers '* have demonstrated the deposition of abnormal quantities of 
this mucopolysaccharide in skeletal muscles of all of 10 patients with progressive 
exophthalmos and in 9 of 21 persons with hyperthyroidism, and they postulate 
that this may be a factor in the development of muscular weakness and ophthalmo- 
plegias in such cases. They report that pituitary extracts rich in TSH cause an 
increased quantity of mast cells and hyaluronic acid in connective tissue of either 
intact or thyroidectomized animals, whereas either thyroxin, corticotropin 
(ACTH), or cortisone causes a decrease in these cells.#¢ Cavallero and Brac 
cini ** also observed that cortisone caused a decrease in the number of mast cells 
in connective tissue of the rat. On the other hand, Devitt and his associates ?" 
were unable to confirm the inhibitory effect of cortisone and thyroxin on mast 
cells. Furthermore, Aterman ** and Smelser and Ozanics ** report that corticotro- 
pin and cortisone, although without ophthalmogenic activity when administered 
alone, have an enhancing action in the production of experimental exophthalmos 
by pituitary extracts. Obviously further work is necessary to reconcile these .ap- 
parently conflicting observations. 

Since one line of experimental work suggests that corticotropin and cortisone 
may counteract changes which may play a part in the development of exophthal- 
mos, whereas the other suggests that these agents may aggravate the disturbance, 
one must turn to the reports of clinical trials in an attempt to find an answer to 
the question of their place in the therapy of this condition. The first report of 
the effect of these hormones in exophthalmos was a favorable one.*° Subsequent 
reports were inconsistent: In some cases results were good; in others no apparent 
effect was noted.* In an attempt to clarify the value of these agents in this condi- 
tion the British Medical Research Council conducted a cooperative study in which 
the observations of several clinics were pooled.*® In a total of 28 patients with 
exophthalmos in various stages treated with either corticotropin or cortisone a 
good response was observed in 3, slight temporary improvement in 5, and no sig- 
nificant improvement in 20. The largest dose used was 100 mg. per day. From 
their data it appeared that the cases in which these agents were most likely to 
prove beneficial were those of relatively recent onset with congestive phenomena, 
such as chemosis. It was pointed out that the doses employed may have been 
inadequate and that larger doses should be tried. This conclusion was influenced 
by the report of Kinsell, Partridge, and Foreman ** that combined therapy with 
larger doses of corticotropin and cortisone produced significant decrease in exoph- 
thalmos within 48 hours in nine cases of severe exophthalmos. These results 
were undoubtedly the most dramatic of any that have been observed in a com- 
parable series of cases to date. Rubin and Billet,*” employing a regimen similar 
to that recommended by Kinsell and his associates, obtained similar dramatic 
results in a single case. In none of these reports has there been any indication 
that these agents aggravate exophthalmos. Hence, clinical experience has been 
more consistent with the experimental work which suggested that corticotropin 
and cortisone should benefit endocrine ophthalmopathy. 

{ References 22 and 24. 

# References 22, 24, and 25. 

* References 31-34. 
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If the increased fluid content of the orbital tissues in exophthalmos is due to 
deposition of excessive quantities of hyaluronic acid, it might be postulated that 
hyaluronidase, an enzyme which causes breakdown of this mucopolysaccharide, 
would decrease the proptosis. Nuzum ** attempted to test this hypothesis by study- 
ing the effect of injecting hyaluronidase into the orbits of guinea pigs made ex- 
ophthalmic by injections of pituitary extract. He observed a definite transient 
decrease in exophthalmos which lasted for a maximum of 24 hours, but the 
necessity of repeated orbital injections prevents this from being a_ practical 
therapeutic procedure. 

Therapeutic Measures 

In view of these considerations the following measures are suggested as the 
most rational approach to the treatment of endocrine ophthalmopathy in the light 
of present knowledge: 

1. General Supportive Measures.—An attempt should be made to correct any 
poor living habits, with special attention to avoidance of excessive fatigue, either 
physical, nervous, or ocular. Diet should be well-rounded and nourishing, with 
supplementary vitamins. The possible relationship of nervous or emotional strain 
to the eye disturbance should be discussed with the patient, and an effort should 
be made to assist him in resolving any psychiatric problems. In some instances, 
the use of tranquillizing drugs may be helpful. In others, the aid of a psychiatrist 
may be advisable. 

2. Local Management of Eye Symptoms.—This aspect of the therapy should 
be carried out by a competent ophthalmologist. It includes palliative treatment 
to ease ocular discomfort; protective measures to avoid eyestrain, corneal ulcera- 
tion, and ophthalmitis, and corrective measures to restore maximal ocular function 
after the pathologic process has subsided, Close cooperation between the internist 
and ophthalmologist is of great importance in the management of these cases. 

3. Treatment of Thyroid Dysfunction if Present.—Although there is much 
disagreement regarding the details of management of this aspect of the disturb- 
ance, it would seem reasonable first to test carefully for the presence of thyroid 
dysfunction, even in those cases which appear to be euthyroid, utilizing methods 
such as radioactive iodine uptake, serum protein-bound iodine, and butanol-ex- 
tractable iodine, and then to try to correct any abnormality found. If hypothyroid- 
ism is present, desiccated thyroid should be administered. This medication has 
also been recommended for cases of exophthalmos with euthyroidism on the basis 
of its theoretical inhibitory action on the pituitary or its effect on mast cells, but 
its effects on the eye disturbance are usually not dramatic. If hyperthyroidism 
is found, potassium iodide is usually adequate to control milder cases. In some 
instances its admmmistration is followed by development of symptoms or signs of 
hypothyroidism, and in such patients the addition of desiccated thyroid appears 
to be beneficial. In other cases symptoms suggestive of hyperthyroidism, such as 
increased nervousness and tension, may be associated with other features more 
consistent with hypothyroidism, such as slow pulse and sensitivity to cold. Here 
combined therapy with potassium iodide and desiccated thyroid is usually helpful. 
For the management of severer degrees of hyperthyroidism radioactive iodine ap- 
pears to be preferable to subtotal thyroidectomy, since it involves less acute stress, 
but severe ophthalmopathy has occurred after therapeutic radioactive iodine as well 
as after surgery, and patients so treated must be followed carefully. In general 
it appears that thiouracil derivatives should be used with caution if at all in cases 
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with endocrine exophthalmos. Their action enhances pituitary activity, and several 
instances of aggravation of ophthalmopathy during their administration have oc 
curred. 

4. Corticotropin and Hydrocortisone or Related Steroids.—In view of the re- 
ports of dramatic effects following administration of large doses of these agents, 
further trials at high dosage levels, particularly in cases of recent onset with 
acute congestive phenomena, appear warranted. An initial dosage of 40 units of 
corticotropin in 1000 ml. of 5% dextrose solution intravenously over a 10-hour 
period plus 200 mg. of hydrocortisone by mouth for the first two days should be 
tried, with subsequent decrease in dosage according to individual conditions. In 
order to lessen the danger of the undesirable side-effects of hypercorticism, a low- 
sodium diet with added potassium chloride should always accompany this therapy, 
and concurrent testosterone administration may help to counteract the negative 
nitrogen balance. The use of prednisone or prednisolone in a dosage of 40 mg. 
daily instead of hydrocortisone should avoid the hazard of sodium retention, but 
gastrointestinal symptoms are commoner with these two agents. Aluminum hy- 
droxide gel may be given in an attempt to avoid this complication. 

5. Irradiation.—The effects of irradiation of the pituitary or orbits upon 
exophthalmos have varied in different clinics,+ but a sufficient number of favorable 
results have oceurred to make this therapy worthy of consideration in patients who 
fail to respond to more conservative measures. A dosage of at least 3000 r de- 
livered to the pituitary seems advisable, and the chances of improvement appear 
to be greater in cases of less than one year’s duration, 

6. Orbital Decompression.—In severe progressive cases jn which vision is 
acutely threatened and which do not respond within 72 hours to intensive therapy 
with corticotropin and hydrocortisone, surgical decompression of one or both 
orbits may be necessary. In capable hands the results may be dramatically bene- 
ficial.t 

Summary 

A brief review of the therapeutic measures which have been recommended 
for cases of endocrine exophthalmos is presented, with emphasis on the medical 
aspects in the light of the current status of knowledge of this puzzling distur- 
bance. As a general principle, it is felt that milder cases can usually be managed 
by conservative methods, whereas acute, fulminating cases warrant more vigorous 
therapy, such as large doses of corticotropin and hydrocortisone or related adrenal 
steroids or surgical decompression. Until the etiology and pathological physiology 
of this condition are known, no dogmatic statement can be made regarding its 
definitive treatment. In the meantime, evaluation of different methods of therapy 
would be easier if all reports would include specific measurements of the pertinent 
aspects of ophthalmopathy, such as exophthalmometer readings and perimeter 
charts, as well as careful estimates of the degree of chemosis and periorbital 


puffiness, before and during the course of treatment. 
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esliicaial of Exophthalmos rom the 
Ophthalmologist s UVrewpoint 


JOHN W. HENDERSON, M.D., Rochester, Minn. 


As | collected material for this symposium, | wondered how many conditions 
might produce exophthalmos, for treatment can be chosen more rationally if a 
definite cause for ocular protrusion can be established. I consulted the oracle, Sir 
Stewart Duke-Elder, and found that more than 70 distinct entities were listed in 
his textbooks of ophthalmology as capable of producing exophthalmos. Obviously, 
one cannot go through the mental calisthenics necessary to make a differential 
diagnosis among such a large number of disorders every time a patient who has 
exophthalmos walks into the office. 

To simplify diagnosis and the approach to therapy, I consider only four gen- 
eral categories when I am confronted with exophthalmos. I ask myself four 
questions: “Ts it inflammatory?” “Might it be a vascular anomaly?” “Could it be 
metabolic exophthalmos?” “What about the possibility of tumor?” Once the case 
is catalogued into one of these four groups, the problem of treatment is then 
considered. 

With regard to therapy, most of the statements in this paper will be applicable 
to unilateral or asymmetric exophthalmos rather than to bilateral exophthalmos, 
for the former conditions offer more of a challenge to diagnosis and treatment. 
The question of exophthalmos in children will be excluded from this discussion. 
The words “exophthalmos” and “proptosis” will be used in the sense that they are 
rather interchangeable in meaning. 


Inflammation 

Inflammatory lesions in the orbit that produce exophthalmos often originate 
in structures adjacent to the orbit and spread to the orbit by reason of the many 
fissures and foramina in the orbital walls and because of the free venous inter- 
change between the orbit and adjacent structures. Less often, the inflammation 
is primary in the orbit or reaches the orbit by metastatic spread, 

All the inflammatory disorders that affect the orbit have the pattern of symp- 
toms that are common to inflammation as it occurs anywhere in the body. Pain, 
heat, swelling, and tenderness of the orbital structures are encountered oftener 
in association with the early stages of inflammatory exophthalmos than they are 
in any of the other three main categories of exophthalmos, 

When the ophthalmologist is confronted with exophthalmos in which an in- 
flammatory origin appears probable, further differential diagnosis is considered. 
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| ask myself if the clinical clues point to involvement of any particular structure 
within the orbit, such as the lacrimal gland, bone, blood vessels, fascia, or muscle. 
The conditions that produce the majority of the inflammatory changes within the 
orbit are listed in Table 1. 


TABLE 1.—Common Inflammatory Conditions of the Orbit That Produce Exophthalmos 


Orbital cellulitis secondary to sinusitis 

Intermittent edema of unknown origin (allergic?; vasomotor? 
Collagen disorders 

Thrombophilebitis 

Dacryoaden itis 

Tenonitis 


Osteom yelitis and periostitis 


The management of these inflammatory conditions generally is nonsurgical, at 
least from the standpoint of the ophthalmologist. When orbital cellulitis is second- 
ary to sinusitis, the otorhinologist may wish to eradicate the primary infection 
by surgical means, but the ophthalmologist is wise to avoid surgical maneuvers 
in such orbits. 


It is in this group of inflammatory lesions that the ophthalmologist most 
often employs antibiotics, steroid hormones, antihistaminics, and nonspecific 
foreign protein. Although inflammatory lesions were the commonest cause of 
exophthalmos 20 or 30 years ago, this group appears to have become less and 
less of a factor in the production of proptosis with the passage of time. 


Vascular Anomalies 


This second main group of orbital conditions producing exophthalmos in- 


cludes the orbital varix and arteriovenous aneurysms and fistulas. These vascular 
disorders can be discussed as a group, for their symptoms, clinical course, and 
treatment differ considerably from those of the other orbital diseases associated 
with proptosis. The proptosis in such cases may be transient, intermittent, or 
pulsatile, in contrast to the more steadily progressive exophthalmos of other dis- 


Fig. 1.—Two examples of dilatation of the veins on the surface of the eyeball as the 
result of vascular disturbances within the orbit. 
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eases. Engorgement of the veins in the orbit and on the surface of the globe 
will develop at some phase of their clinical course (Fig. 1). The retinal veins 
often are dilated and full. The intraocular pressure also may be increased on the 
side of the lesion. A bruit or thrill may be demonstrated. 

When persistence of the proptosis makes it necessary to treat the lesion, there 
is little choice other than a surgical approach. These vascular anomalies are one 
of the most difficult situations that confront the orbital surgeon because of the 
chance of encountering a nest of uncontrolled bleeders and because it is so diffi- 
cult to reot out the many ramifications of these lesions in the deeper portions of 
the orbit. Also, the patients frequently are disappointed in the results of surgical 
intervention because of incomplete removal or recurrence of the vascular lesion. 
Even when good surgical resection has been obtained, the proptosis may not sub- 
side to the satisfaction of the patient because the tissues have been stretched 
beyond the point of- reversible elasticity by reason of the long duration of the 
lesion within the orbit. 

Arteriography with the aid of a contrast medium injected into one of the 
carotid arteries has been of help in determining the extent of the vascular involve- 
ment and how best to approach it. The help of the neurosurgeon always should 
be obtained for this procedure. If the angiogram shows involvement of some of 
the intracranial vessels, further care of the patient should be under the jurisdiction 
of the neurosurgeon, but if the vascular involvement appears to be confined to the 
orbit, then treatment becomes the responsibility of the ophthalmologist. 

The main goal of the surgical approach is to get beyond the region of the 
dilated vessels and shut off the feeder channels. It is often extremely difficult 
to accomplish this when the lesion lies deep in the orbit. Most vascular anomalies 


occur in the upper quadrants of the orbit. If the lesion appears to lie in the upper 
nasal quadrant, | approach it through an incision in the brow, first ligating the 
facial artery and vein near the inner canthus. If the anomaly involves the upper 
outer quadrant, I approach it through the lateral route (modified Kroénlein opera- 
tion). 


To eradicate these anomalies, | use a combination of excision, ligature, and 
electrocoagulation. After excising as much as possible of the mass and electro- 
coagulating or strangling whatever remains, I usually leave a few radon seeds 
in the operative site before closing the incision. 


Metabolic Exophthalmos 
Metabolic exophthalmos refers to a tissue change that occurs in both orbits 
due to some upset in the thyroid-pituitary relationship which results in protrusion 
of the eyes. This form of exophthalmos may be associated with hyperthyroid, 
hypothyroid, or euthyroid states. It is always bilateral but often is so asymmetric 
that it may be considered mistakenly to be unilateral. Table 2 lists some of the 
commoner terms by which this form of exophthalmos has been designated. 


TasLe 2,—Common Terms Used to Designate Metabolic Exophthalmos 


Exophthalmic 
raves's d ophthalmoplegia 


Endocrine Progressive 
Thyrotropic Malignant 
Pitultary 


= 
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The medical management of the thyroid-pituitary disturbance should be left 
strictly to the supervision of the internist, for the ophthalmopathy is but one 
manifestation of a systemic disease that affects other organs and tissues. The 
ophthalmologist should take an active role in management when the question arises 
as to what might be done surgically to relieve the proptosis. In this respect, the 
ophthalmologist is most concerned with the so-called exposure of the eyes. 

The word “exposure” apparently means different things to different ophthal- 
mologists. In terms of surgical treatment, I think of “exposure” as being of three 
different types. A patient with extremely prominent eyes is shown in Figure 2a. 


Fig. 2,—(a) Exophthalmos associated with pronounced retraction of the eyelids. (b) 
Results of lateral tarsorrhaphy in another patient for retraction of the eyelids. The 
adhesion between the eyelids is scarcely noticeable. 


The word “exposure” often is applied mistakenly in this situation. The eyes in 
this case looked exposed because of pronounced retraction of the eyelids. How- 
ever, the actual measurements as determined by use of the Hertel exophthalmom- 
eter were only a little above the normal range. The retraction of the eyelids 
as measured by the width of the palpebral apertures was 18 mm., a measurement 
nearly twice the normal average. In spite of the great retraction of the eyelids, 
this patient still could close the eyes, and the corneas were covered adequately 
even during sleep. Such proptosis is not an example of true exposure, because 
keratitis will not develop simply because the eyes are prominent. The ophthalmic 
surgeon need not be hurried into doing somethifig surgically in this situation, 
because the condition is not so bad as it appears. 

However, patients who have such extreme prominence of the eyes often 
complain a great deal about the ocular irritation and tearing that result from 
superficial drying of the cornea. If the situation becomes too annoying, such as 
in farmers and wnillworkers who are exposed to a great deal of dust, or if the 
patient is a woman who is greatly upset by reason of her appearance, lateral 
tarsorrhaphy is recommended. Tarsorrhaphy refers to actual surgical union be- 
tween the tarsal plates. This operation is chosen because the resultant union will 
not stretch as much as will intermarginal adhesion of the eyelids of the same 
width. In women, tarsorrhaphy adds a great deal to the cosmetic appearance by 
permitting more coverage of the globe by the eyelids and diminishing the appear- 
ance of stare (Fig. 2b). 

Another type of “exposure” is illustrated in Figure 3a. At first glance this 
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_ Fig. 3.—(a) Because of severe ophthalmoplegia, the eyeball cannot be rotated upward. The 
integrity of the cornea is endangered by desiccation. (b) Protrusion of conjunctiva in the 
interpalpebral zone near the inner canthus because of chemosis. 


situation may look quite similar to the first type in that prominence of the eye 
and retraction of the eyelids are present. However, the patient pictured in Figure 
3a had complete paralysis of upward gaze as the result of severe ophthalmoplegia, 
and the eyeball would not roll up beneath the lid when the patient was asleep. 
This patient presented an instance of true exposure, for the cornea was in immi- 
nent danger of breakdown due to desiccation. For this situation, I favor the 
performance of two-point intermarginal adhesion of the eyelid. The portions of 


the eyelids chosen for intermarginal adhesion roughly correspond to the nasal 
limbus and temporal limbus of the eyeball. Such adhesion will permit a central 
peephole for the patient, thus keeping him ambulatory, and yet provide sufficient 
coverage of the cornea to prevent keratopathy. Although some stretching of such 
adhesions might occur, I have not found this to be a problem because the proxim- 
ity of the adhesions tends to nullify this factor. 


The third type of “exposure” is illustrated in Figure 3b; in addition to prop- 
tosis, retraction of the eyelids, and some ophthalmoplegia, congestion of the eyeball 
and chemosis are present. In this situation, the cornea does not necessarily break 
down because of desiccation but apparently undergoes a nutritional disturbance 
because the edematous conjunctiva forms a collarette of pressure around the 
limbus and interferes with the metabolic interchange. Decompression of the orbit 
is recommended for this situation. 

For some years | considered that the transfrontal route offered the best 
approach to orbital decompression, but more recently, because of certain improve- 
ments in technique, I think that the lateral approach (modified Kronlein opera- 
tion) is the best solution to the problem. The Stryker oscillating bone saw and 
use of a simple horizontal incision posterior to the lateral canthus are the two 
major improvements in surgical technique that have made the lateral approach 
more widely used. The incision need not be longer than 4 cm., and it is not 
necessary to incise the lateral canthus (Fig. 4a). The site of exposure in the 
lateral orbital wall created by this approach measures about 3 cm. in diameter 
(Fig. 46). Another advantage of the lateral over the transfrontal route is that 
patients appear to accept the former technique with fewer misgivings. Many 


682 


LY... 
~ 
a 
>: 


TREATMENT OF EXOPHTHALMOS 


Fig. 4.—Orbital decompression by the lateral approach. (a) Recommended incision; the 
lateral canthus need not be included in the incision. (b) Exposure of the orbital contents 
through the lateral approach. The bone flap is hinged to the temporalis muscle and is retracted 
posteriorly beneath the large retractor 
patients are naturally reluctant to submit to an intracranial procedure if another 
route can be chosen. Women in particular are likely to resist the transfrontal ap- 
proach because of their fear of a disfiguring scar. Thus, use of the lateral ap- 
proach often permits the surgeon to operate earlier than would otherwise be 
possible, and rather general agreement exists among neurosurgeons and ophthal 


mologists that the benefits from orbital decompression are often proportionate 


to how early in the course of the disease the operation is performed, 


Orbital Tumors 


In this fourth category, tumor is used in its broadest sense to indicate any 
mass, other than the ones already considered, that produces proptosis, Used in 
this manner, the term includes, in addition to neoplasms, a condition that appears 
at present to be rather frequently recognized and recorded in the literature, the 
so-called pseudotumor. From the pathologist’s standpoint, a pseudotumor is an 
inflammatory lesion, When the pseudotumor is in the anterior portion of the 
orbit, it sometimes produces sufficient swelling and redness of the eyelids to allow 
a presumptive diagnosis of this condition. In the majority of cases, however, a 
pseudotumor cannot be absolutely distinguished from a neoplasm until the sur- 
geon has uncovered the mass. In their initial stages of growth, pseudotumor and 
true neoplasms produce such a similar pattern of symptoms that it is practical to 
group them together as a separate category producing proptosis. 

The most characteristic symptom of orbital tumor is displacement of the globe 
in one direction or another without significant edema of the eyelid or appreciable 
alteration in the width of the palpebral aperture in the early stages; it is associated 
with minimal ophthalmoplegia and congestion of the eyeball as compared with 
the categories discussed previously. The exception to this rule is the tumor located 
within the muscle cone. Here, however, loss of vision usually precedes the prop 
tosis. 


The treatment of orbital tumors is primarily surgical. If the mass can be 
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palpated by digital pressure, I favor an anterior approach, using a brow incision 
for tumors located in the upper quadrants and an incision along the lower orbital 
rim for lesions in the lower quadrants. If the mass cannot be palpated and pro- 
nounced loss of vision has not occurred, I approach the tumor through the lateral 
wall. If the mass cannot be palpated and severe loss of vision is present, the 
transfrontal approach is recommended. 

The surgeon always should approach surgical inspection of the orbital tumor 
as though the worst might be found. Prior to operation, the surgeon should ask 
the patient's ‘permission to remove the eye should a malignant lesion be found 
that cannot be removed successfully without enucleation. As the orbitotomy 
commences, my goal is to find out what type of lesion is in the orbit and remove 
the lesion if necessary. I do not believe in so-called exploratory orbitotomy or 
needle biopsy. I do not approve of opening an orbit simply to find out what is 
there, taking a sample of tissue for pathologic study, closing the orbit, and then 
waiting a few days to decide what specific measures should be undertaken. 

If an encapsulated mass is found, it is removed entirely and sent for path- 
ologic study. If the mass is not encapsulated, a representative section of the 
tumor is removed and the report of pathologic study on the frozen tissue is 
awaited before anything further is done. If the tissue proves to be pseudotumor, 
I take out as much of the mass as can be removed conveniently without harm to 
surrounding structures, close the incision and give supplementary x-ray therapy. 
If the lesion is a benign nonencapsulated neoplasm, I also remove as much of the 
tumor as possible and decide the question of supplementary x-ray therapy on the 
basis of the apparent radiosensitivity of the tissue. If the tissue proves to be a 
malignant lesion of the radiosensitive type, I likewise remove as much of the 
tumor as possible and treat the remainder with x-rays. If the report indicates a 


malignant tumor of the radioresistant type, I complete the operation by total 
removal of the mass and whatever orbital structures are attached to it. Thus, the 
majority of orbital tumors can be handled by one operation. 


Summary 


The many conditions within the orbit that may produce exophthalmos can be 
considered from the standpoint of four main categories, namely, inflammatory 
lesions, vascular anomalies, metabolic disturbances, and orbital tumors, including 
pseudotumor. 

The management of inflammatory lesions is generally nonsurgical. Eradica- 
tion of vascular anomalies is best done by a combination of excision, ligature, 
and electrocoagulation. The medical management of metabolic disturbances lead- 
ing to exophthalmos should be left to the internist, with the ophthalmologist taking 
over when surgical relief of the proptosis is considered. The treatment of orbital 
tumors is primarily surgical, often supplemented by x-ray therapy. 
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MATHEW ALPERN, Ph.D. 
and 
J. REIMER WOLTER, M.D. 
Ann Arbor, Mich. 


When an observer with normal eyes is instructed to shift his gaze suddenly 
from one fixated point in the visual field to a second, the time characteristics of 
the movements of the eyes depend upon the positions of the two points within 
the field. Dodge pointed out that if the two points are confined to the horizontal 
plane which includes the centers of rotation of the two eyes then two basic 
types of movements can be differentiated according to the velocity of the move- 
ment: 

(a) If the two points are confined approximately to an objective fronto- 


ORP 


LEFT EYE RIGHT EYE 
RIGHT LEFT —= 


Fig. 1.—Ocular rotational potential of saccadic movement (a term suggested by Prof. 
H. R. Blackwell). The observer was fixating a light in the straightforward position. At 
the signal mark the fixated light was turned off and a second light in the same plane as the 
first but 8 degrees to its left was turned on, The movements of the two eyes have been re- 
corded by placing electrodes on both canthi of each eye and amplifying the resulting differ- 
ence in potential, as described by Marg.” (These records were obtained with the assistance 
of Dr. O. T. Law Jr. and Dr. R. L. De Valois). 
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parallel plane, then the movement is very rapid (Fig. 1). The velocity of this 
movement may be higher than 400 degrees per second and increases as the 
separation of the fixated points increases. Such movements are called saccadic 
movements. A detailed analysis of some of their characteristics has been re- 
cently made by Westheimer.? 

(b) If the points are so arranged that they fall on a forward extension of 
the median body plane, then the movement is much slower (Fig. 2). For our 
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Fig. 2.-Ocular rotational potential of a symmetrical convergence movement. The far 
and near targets are vertical plumb lines on a white background. 


observer the average velocity is approximately 8 degrees per second, and Dodge ' 
reported values ranging from 25 degrees per second to 10 degrees per second. 
Such movements are called vergence movements. 

Dodge also pointed out that if the points (still in the horizontal plane) are 
intermediate between these two positions then the change of fixation of the 
eyes from the one point to the second will contain both of the basic types of 
movements. Thus, if the near object is shifted so that it falls along the line 
of sight of the right eye (while it fixates the far object) then the result of 
binocular shift from far to near contains a saccadic fast component to the right and 
a slow component of convergence (Fig. 3). It is interesting to point out that 
for this observer both eyes move. This confirms Dodge’s results completely, 
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Fig. 3.—Binocular refixation from a far (3.4 meter) to a near (0.186 meter) vertical 
black line on a white background. The near vertical line was carefully aligned on the line of 
sight of the right eye while it fixated the far vertical line monocularly. 
although such findings have been denied by Bielschowsky,* Scobee,* and, recently, 
by Breinin.® 

What is the explanation for the difference in velocity of these two types 
of movements? Dodge explained it “that in all convergence movements of the 
eyes, each eye is retarded more or less by the tendency to move sympathetically 
in the same direction with the other eye.” In terms of present understanding 
of movement patterns as described by Hartson® and Stetson,’ this suggestion 
is tantamount to saying that convergence movements are slow tension move- 
ments in which agonist and antagonist muscles cocontract. Saccadic movements, 
on the other hand, if not being completely ballistic,? are presumably at least 
ballistiform, as has recently been demonstrated by Bjork,® using physiological 
techniques.* 

A hint as to another possible explanation for the difference in velocity of 
these two kinds of movements is provided by morphological examination of those 
extraocular muscles which move the human eye. . 

The histological study of these muscles reveals an innervation which differs 
substantially from that of the other skeletal muscles, including the levator palpe- 
brae. The fibers of these eye muscles are supplied by two different types of 
nerve fibers, both of which are apparently efferent 7: 

(a) Coarse, medullated nerve fibers form typical motor end-plates (Fig. 4) 
which innervate the large muscle fibers only. 

(b) Small, nonmedullated nerve fibers form either loop-like endings close 


* These same experiments demonstrate that pursuit movements of the eyes are probably of 
the type which Stetson described as slow tension movements. 
t References 9-14. 


Fig. 4.—Motor end-plate (b) on a large striated muscle fiber of the human eye muscle 
(a) Coarse, medullated nerve. Silver 


(m. rect. sup.). The muscle fiber is not in focus. 
carbonate technique of del Rio Hortega; x 800. , 


Fig. 5.—A, photomicrograph; B, drawing reconstruction of the double innervation of a 
large striated muscle fiber of the human eye muscle (m. rect. sup.). A, motor end-plate 
of coarse medullated nerve; B, simple, loop-like ending of delicate nonmedullated nerve on 
the same muscle fiber; C, another nerve fiber which is not related to the end-organ here 


described. Silver carbonate technique of del Rio Hortega; x 800. 
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to the motor end-plates or delicate network-like endings on the muscle fibers. 
These nerves may innervate either large muscle fibers (Fig. 5) or the small 
specific muscle fibers described by Woollard ™ and by Wolter (Fig. 6). 

Boeke ® first described this double motor innervation of the eye muscles and 
identified the small fibers with the autonomic nervous system. His results and 
conclusions have been verified completely by Kirsche '° and by one of us.§ Wolter 
also showed that the human eye muscles have six distinctly different types of 
sensory (presumably proprioceptive) end-organs. ; 

It seems to us that these morphological and physiological data present an 
interesting parallel. If this is true, then another explanation for the difference 
in the velocity characteristics of saccadic and vergence movements is suggested. 


wt cr toaige striated muscle fiber (a) with ending of a delicate nonmedullated nerve (b) 
Gros-Schultze technique; > 800. 


This is that the final common paths for saccadic movements are formed by the 
thick somatic nerve fibers, while the final common paths for vergence movements 
are formed by the thin autonomic nerve fibers, There are several attractive fea- 
tures to such a hypothesis. In the first place, it would explain the very close 
similarity in the velocity characteristics of vergence movements and those of 
the autonomically innervated intraocular muscles.’* It would also account for 
the fact that both a vergence movement and a saccadic movement can occur 
during a single change in fixation (Fig. 3). Thirdly, it would explain the fact 
that several months of experiments in vergence movements have failed to show 
any appreciable change in velocity characteristics in our observer. It is generally 
recognized that slow tension movements will become ballistiform with practice. 
Finally, this speculation provides a basis for the understanding of the ability 
of an eye muscle to carry out a yoked movement together with a muscle of the 


t References 11 and 12. 
§ References 11-14. 
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other eye at one moment and at another moment during the same change of fixa- 
tion carry out a second yoked movement with the latter muscle’s antagonist. 

The differences in these speculations and those of Dodge are very real ones 
which are subject to empirical test. Experiments along this line are currently 
in progress in our laboratories. 


REFERENCES 


1. Dodge, R.: Five Types of Eye Movements in the Horizontal Meridian Plane of the 
Field of Regard, Am. J. Physiol. 8 :307-329, 1902. 

2. Westheimer, G.: Mechanism of Saccadic Eye Movements, A. M. A. Arch. Ophth. 
52 :710-724, 1954. 

3. Bielschowsky, A.: Lectures on Motor Anomalies: I. The Physiology of Ocular Move- 
ment, Am. J. Ophth. 21 :843-854, 1938. 

4. Scobee, R. G.: The Oculorotary Muscles, St. Louis, The C. V. Mosby Company, 1952, 
p. 86. 

5. Breinin, G. M.: The Nature of Vergence Revealed by Electro-Myography, A. M. A. 
Arch. Ophth. 54 :407-409, 1955. 

6. Hartson, L. D.: Contrasting Approaches to the Analysis of Skilled Movements, J. Gen. 
Psychol. 20 :276,. 1939. 

7. Stetson, R. H., and McDill, J. A.: Mechanism of the Different Types of Movement, 
Psychol. Monogr. 32:18-40, 1923. 

8. Bjork, A.: The Electro-Myogram of the Extraocular Muscles in Opticokinetic Nystag- 
mus and in Reading, Acta Ophth. 33 :437-454, 1955. 

9. Boeke, J.: Die morphologische Grundlage der smypathischen Innervation der quergest- 
reiften Muskelfasern, Ztschr. mikr. anat. Forsch. 8;501, 1927. 

10. Kirsche, W.: Die Innervation der Augenmuskulatur des Menschen, Ztschr. mikr. anat. 
Forsch. 57 :402-450, 1951. 

11. Wolter, J. R.: Die Nervenendigungen in der aeusseren Augenmuskulatur: Bericht iiber 
die 57, deutschen ophthalmologischen Gesellschaft in Heidelberg, Miinchen, J. F. Bergmann, 
1951, pp. 285-288. 


12. Wolter, J. R.: Uber Nervenendigungen in dér aeusseren Augenmuskulatur, Acta 
neuroveg. 4:343, 1952. 

13. Wolter, J. R.: The Morphology of the Nervous System of the Striated Muscles of 
the Human Eye, Acta XVII Conc. Ophth. 1954, Canada—U. S. A., p. 1865, 1955. 

14. Wolter, J. R.: Morphology of the Sensory Nerve Apparatus in Striated Muscle of the 
Human Eye, A. M. A. Arch, Ophth. 53:201-207, 1955. 

15. Woollard, H. H.: The Innervation of the Ocular Muscles, J. Anat. 65:215-223, 1931. 

16. Allen, M. J.: An Investigation of the Time Characteristics of Accommodation and 
Convergence of the Eyes, Ph.D., Thesis, The Ohio State University, 1949, p. 102. 

17. Marg, E.: Development of Electro-Oculography: Standing Potential of the Eye in 
Registration of Eye Movements, A. M. A. Arch. Ophth. 45:169-185, 1951 


690 

‘ 


of Astigmatism 
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Fortunately for most people who wear glasses, it is not essential that the 
examining practitioner understand all of the optical details involved before writing 
down the final prescription. After a reasonable amount of experience, the average 
refractionist finds that the technique of retinoscopy becomes almost a matter of 
habit, and the basic concepts underlying his procedures may soon be forgotten. 
Indeed, the advisability of teaching more than the descriptive aspect of optics 
to future oculists has recently been debated.’ Nevertheless, it is generally 
agreed that a certain minimum of familiarity with the fundamental mathematical 
relationships is to be recommended, at least for the beginning student of refraction. 

The geometrical properties associated with spherical lenses are universally 
included in courses for such students, but cylindrical lenses are often not as well 
described, even though a major percentage of the population has some degree 
of astigmatism requiring cylindrical correcting lenses. The concept of Sturm’s 
conoid? in this connection is extremely valuable. 

Most textbooks dealing with ophthalmic optics include a brief discussion 
of the conoid. Diagrams are presented to show the two focal lines, and reference 
is usually made to the interfocal circle* (or the circle of least diffusion,* or the 
circle or disc ® of least confusion). 

However, the determination of the position of this circle is usually omitted. 
A number of authors state, incorrectly, that the circle is half-way between the 
two focal lines. Several texts point out that the circle is nearer to the first focal 
line, but do not give an exact indication of where. Other books contain the 
correct relationship,* without explanation. An algebraic derivation has been 
given by Eggers,® and there is a direct proof based upon properties of harmonic 
division in projective geometry,’ but these are, in general, not suitable for the 
average student of refraction. 

When this question arose in the optics course of the Graduate School of 
Medicine of the University of Pennsylvania, it was decided to attempt a simple 
presentation containing nothing beyond the most elementary mathematics. The 
following development resulted. 


Location 


Let us assume an ideal convex spherocylinder, with incident rays parallel to 
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Fig. 1—Sturm’s conoid of astigmatism, 
showing the two focal lines, the interfocal 
i circle, and the semiaxes of a number of el- 
con 
fecai liptical cross sections. 
line 
Firat circle 
focal 
line 
Spnero- 


cylindrica 
lens 


the principal axis (lig. 1). Let a designate the shorter of the two focal lengths, b 
the longer, and ¢ the radius of the lens (or of the aperture, assumed to be 
circular). Let p and q signify the unknown distances from the focal lines to the 
interfocal circle, and r the radius of this circle. 

As is often the case, it will simplify the students’ understanding if the more 
important components are drawn separately + (Fig. 2). The essential triangles 


Fig. 2.—Horizontal and vertical sections of 
the conoid, showing the similar triangles re- 
lated to radii of the interfocal circle. 


hig. 3.--Combination of essential triangles in a single diagram, without perspective. 


may then be combined in the same plane, without the perspective effect (Fig. 3). 
This diagram may also be looked upon as a coordinate chart, with origin at E. 
The X-axis may be taken to represent the distance from the lens, measured along 
the principal axis, of any cross section of the conoid, and the Y-direction to 
designate the semiaxes of that cross section. Thus, the line FL will represent 
the graph of the decrease in the vertical semiaxis as one proceeds away from 
the lens out toward the second focal line, and the broken line FGM, the corre- 
sponding horizontal dimension. 

~~ Reference 11, p. 19. 
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The principal axis LE is projected backward by a length equal to the shorter 
focal distance, a, to the point N, and the line NF is drawn. A_ few basic 
principles dating back to the plane geometry of Euclid are now utilized ¢: If two 
straight lines intersect, the angles opposite to each other are equal; if two triangles 
have two angles of the one equal to two angles of the other, the triangles are sim- 
ilar, and, if two triangles are similar, then corresponding lengths of the two 
triangles will be in direct proportion. 

Since the triangles NEF and GED are congruent, the angle ENF is equal to 
the angle EGD, and this in turn is equal to the opposite angle LGM. We may 
now consider the two triangles G/J/. and NFL (Fig. 4). The angles at G and at 


a:b 
r:p+q *c:atb 


Fig. 4.—The similar triangles for a direct geometric proof 


N have been shown to be equal, and the angle at 1 is common to both triangles. 
Therefore, the triangles are similar, and any corresponding lengths will be in 
proportion, In particular, this may be applied to the segments into which the 
base of each triangle is divided by the altitude // or EF, respectively. It is thus 
seen that G/ is to /L as NE is to EL, or p is to g as a is to b. This is equivalent 
to the statement that the interfocal circle divides the astigmatic interval of Sturm 
into two parts which are proportional to the two focal lengths of the dioptric 
system. The circle will always be located closer to the first focal line than the 
second, or, between the midpoint of the astigmatic segment and the first focal line. 

Another straightforward derivation avoids adding lines to the diagram but 
depends instead upon an algebraic device. The numerator and denominator of 
an ordinary fraction may both be divided (or multiplied) by the same quantity 
without altering the value of the fraction. Making use of two pairs of similar 
triangles (Fig. 2), we may therefore write 


p/r a 


q bfe 
or 

q 6 

Radius 

The radius of the interfocal circle, should this be desired, may be readily 
obtained by applying the proportionality relationship to the bases and the 
altitudes of triangles G//. and NFL, respectively (Fig. 4). Thus, 

= EF:NL 
or 

r/(p+q) =c/(at+b) 


{Reference 11, based, respectively, upon Book I, Proposition 15 (p. 37); Book I, Propo- 
sition 32 (p. 65), and Book VI, Proposition 4 (p. 334). 
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Solving this equation for r, and noting that (Fig. 3) p+q=GL=EL—EG=b—a 
we have 

r=c(p+q)/(a+b) 
or 

r= c¢c(b—a)/(a+b) 

Having the radius, we may write the area of the interfocal circle 

Aetrete = = — a)*/(a+b)*, 


Comparative Areas 

There seems to be a common misconception that the area of the circle of 
least diffusion is less than the area of any other cross section (elliptical) of 
Sturm’s conoid taken between the two focal lines. In order to investigate this, 
a minimum of information about the area of an ellipse is required. The state- 
ment by Archimedes, that the areas of two ellipses are to each other as the 
product of their axes,’* will suffice. 

Let us consider a cross section taken at P on the interfocal interval (Figs. 
1 and 5) at a distance of s from the first focal line, t from the second focal 


L 


Fig. 5.—Outline of the conoid of astigmatism, showing the semiaxes of an arbitrary 
elliptical cross section between the two focal lines. 
line, and u from the midpoint O of the interfocal segment GL. Let v represent 
the horizontal semiaxis of the ellipse, and w the vertical semiaxis. From similar 
triangles (Fig. 6), it is seen that 

V:s=C 
and 

w:t=c:b 


Fig. 6.—Horizontal and vertical sections, showing the similar triangles for determining 
semiaxes v and w. 


Solving these equations for v and w and multiplying, we have 
v=sec/a 
w=t 

vw = st c*/ab 
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Thus it is seen that the product vw is equal to a constant c*/ab times the 
product st. The sum s + ¢ is always equal to the length of the interfocal interval, 
and it therefore remains constant. We may now employ the algebraic result that 
the product of two quantities whose sum is held constant will attain its maximum 
value when the two quantities are equal. This statement can be proved to the 
satisfaction of even the most nonmathematical students as follows. 

Let h represent the distance GO or OL, one-half the length of Sturm’s 
interval. Then 


s=GP=GO+OP=h+u 


and 
t=PL=OL—OP=h-—u 

Multiplying, 
st=(h+u)(h—u) 

or 


st =h? — 

Thus, the product st is equal to the variable quantity u? subtracted from the 
fixed quantity h?, and therefore the maximum value will be obtained when u is 
zero. This implies that s=A and t=h, or that the maximum cross section area 
will be located at the midpoint of the astigmatic interval. Here v and w will be 
unequal (since v=hc/a and w=hce/b, and a and > are unequal); consequently, 
the cross section will be an ellipse. 

It can be seen that the larger the numerical value of u the smaller the product 
st, and hence the smaller the cross section area. As the value of u is increased 
toward h, the ellipse moves toward either G or L, and the area decreases toward 
the limiting value of zero. One may also state, since u appears only in the squared 
form u*, that cross sections taken at equal distances in front of and behind the 
midpoint of the interval (u positive and negative, respectively) will have equal 
areas. 

By examination of a graph of cross section areas plotted in terms of the 
position along Sturm’s interval where the section is taken (Fig. 7), the following 


Area 


Position 
> 


s 

h bh 


Fig. 7.—Graph of cross section area charted against location of the cross section along the 
interfocal interval 
will become apparent. As one moves from the first focal line toward the 
second, the ellipses gradually increase in area until the ellipse becomes a circle, 
at J. The elliptical shape is resumed beyond /, and the areas continue to increase 
until the midpoint O of the interval is reached. Then the ellipses decrease in 


695 


= 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


area, becoming gradually deformed into a straight segment at the second focal 
line. At some point on the interval, there is an ellipse with an area exactly 
equal to that of the interfocal circle. (This occurs at point /’, which is as far 
beyond O as / is in front of O.) 

Should one require the actual area of the maximum ellipse, the formula * 
Area = rvw may be applied, substituting for v and w the values found pre- 
viously and replacing h by %4(b—a). 

A max = 7 UW 

=a 
== (b —a)*c*/4ab. 

This formula, as well as that for the area of the interfocal circle, contains 
the factors (b — a)* and c*. These areas may therefore be reduced, and the 
astigmatic diffusion consequently decreased, either by minimizing the difference 
b — a (as is done in the various refraction techniques), or by making c, the 
pupillary diameter, smaller. 


Other Applications 

In the case of an object at a finite distance in front of the spherocylindrical 
lens, rather than that of parallel incident rays, all of the preceding algebraic and 
geometric considerations will apply, with the exception that the two focal dis- 
tances will no longer be the principal focal lengths. The quantitative relation- 
ships may be determined readily by means of an optics nomogram published 
recently."* Most of the discussion will also be valid for the astigmatism asso- 
ciated with obliquely incident rays upon a spherical lens. 


Summary 

It is commonly believed that the cross section of Sturm’s conoid midway 
between the two focal lines represents the “circle of least diffusion” and that 
its area is less than that of any other cross section along the astigmatic interval. 
Actually, this cross section is always an ellipse, with an area greater than that 
of any other cross section between the two focal lines. The interfocal circle 
is located nearer to the first focal line, dividing Sturm’s interval into two parts 
proportional to the two focal lengths of the optical system, and its area is neither 
a maximum nor a minimum. Proofs for these statements requiring nothing 
beyond elementary algebra and geometry are given. 
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I. Granular-Cell Myoblastoma 


Granular-cell myoblastoma is an uncommon lesion which occurs most fre- 
quently in the tongue but has also been found in the subcutaneous tissue of the 
trunk and the extremities. It has been observed in the lips, the floor of the mouth, 
and the vocal cord. Its occurrence around the eye is so extremely rare that many 
ophthalmologists are not familiar with the clinical course or the histologic pic- 
ture of this tumor. 

The tumor has been found in the orbit’ and in the area of the lacrimal 
sac.* A few cases have been observed where a myoblastoma occurred in the 
lid.* Our case is the first instance of a myoblastoma of the brow, apparently con- 
nected with the orbicularis muscle. 

Most of these tumors belong to the benign or uniform type of myoblastoma,* 
and our case also falls into this group. A malignant form has been described,® 
but its nature is dubious. 

The typical tumors are usually small and grow slowly; they show no evidence 
of malignant growth, and there is no tendency to recur or to metastasize. 

The histogenesis of the myoblastoma remains unknown. Many authors 
believe that it is a true myogenic tumor steming either from the striated or 
the smooth muscle cell. While a number of points would speak against this 
theory, tissue cultures of the tumor ® have revealed characteristics which resembled 
cultures of various forms of striated muscle. Other authors believe that this is 
a neurogenic tumor. No specific cell could be found from which the myoblastoma 
would originate, but there is indeed usually a characteristic nerve involvement 
and the general structure of the tumor may simulate a plexiform neuroma. 
Surface epithelium and its appendages, as well as histiocytes, have been men- 
tioned as possible germinal cells. All these theories could not change the term 
“myoblastoma,” which is now deeply rooted in the medical terminology. 

The histologic picture of this tumor is characteristic. A pathognomonic fea- 
ture is the presence of fine eosinophilic granula in the cytoplasm of the tumor 
cell. ihe cell nuclei are usually small. The cells are arranged in sheets and 
fascicles embedded in a framework of collagen and reticulum fibers. 

Our patient was a 36-year-old white man. For one year prior to his admission 
he noticed a lump in the outer third of his right brow. The tumor seemed to 
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grow during the last few months. The past history was irrelevant except for 
a blow to the right side of the face in 1944. This injury, the details of which 
are unknown, caused a laceration of his lid that had to be sutured. The wound 
healed without any after-effects. 

On physical examination a 3X2 cm. long tumor was palpated under the 
skin of the right brow. The tumor was nontender, firm, and elastic. The skin 
was freely movable above it. X-ray pictures showed no bony defect. 

The tumor was excised on Jan. 12, 1956. It shelled out very easily, and only 
in one area was it adherent to the periost of the superior orbital rim. The 
postoperative course was uneventful. The histologic examination revealed a typical 
granular-cell myoblastoma (Fig. 1). No recurrence has been noted so far. 


Fig. 1.—The typical cells of a 
granular-cell myoblastoma. The 
large cells are sharply outlined 
and have a conspicuous granula 
in the cytoplasm, 


II. Embryonal Rhabdomyosarcoma 


Malignant tumors of the striated muscles in the orbit are not frequent. They 
are a disease of childhood, and of 20 reported cases 16 occurred between the 
ages of 2 and 9, while 3 adults could be observed with this orbital tumor (in 
1 instance the age was not given).? The frequency of this tumor is certainly 
much higher than these figures would indicate. It seems to be the commonest 
primary malignant tumor of the orbit in children. 

The tumor presents itself first as a fleshy growth under the conjunctiva, 
or it causes a unilateral exophthalmos. Only a biopsy can give the correct 
diagnosis. The average age at onset is 6-7 years, and it is found twice as 
frequently in males as in females.* 

The histologic picture varies with the maturity of the cell. It is very likely 
that some of the less-differentiated tumors are not recognized as myosarcomas 
and are diagnosed as round-cell or spindle-cell sarcoma. If the cells are maturer 
they will develop into pink-staining ribbon cells resembling muscle cells. This 
type of sarcoma is referred to as embryonic rhabdomyosarcoma or sarcoma 
botryoides. There is, however, always a great degree of polymorphism with many 
giant cells. A close connection with an extraocular muscle is usually appreciated. 
If the tumor is still more differentiated, the fibrils in the cytoplasm may show 
striation. This would then be the fully developed form of a rhabdomyosarcoma. 

The only treatment available is exenteration of the orbit. It was originally 
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assumed that the prognosis is invariably poor.” Reese could show, however, that 
a rhabdomyosarcoma has a much better prognosis than any other type of orbital 
sarcoma. In his series ® two out of five children were well more than 10 years 
after the operation. Correct diagnosis and prompt treatment are therefore 
mandatory. 

Our patient was a 7-year-old white girl who was first treated by a local 
physician for a lid droop on the left side in April, 1955. A small growth beneath 
the nasal bulbar conjunctiva was removed. The pathologic report revealed an 
undifferentiated sarcoma, and the child was referred to the University Clinic. 
She was first seen here on May 15, 1955, and except for a fine scar in the area 
of the right semilunar fold extending into the upper fornix the eyes were essen- 
tially normal. The child underwent a complete pediatric, urologic, and neurologic 
work-up. The only positive finding was a double kidney on the left side. 

The child returned on Aug. 1, 1955, with a soft pinkish tissue mass in the 
area of the inner canthus above the caruncle. Four days later this tumor was 
excised and a histologic examination showed again a malignant tumor, but this 
time the diagnosis of a rhabdomyosarcoma could be made (Fig. 2). It was also 


Fig. 2.—-A, in an over-all view the close relation between the tumor and the external 
ocular muscle is apparent. 8, in a higher magnification elongated ribbon cells can be seen 
in a highly pleomorphic tumor. 


evident from the specimen that the tumor extended into the orbit along the 
internal rectus muscle. Therefore, three weeks later an exenteration of the left 
orbit was performed, Histologically, tumor tissue was found in the nasal and 
upper segment of the orbit. The eye was entirely normal. The postoperative 
course was uneventful, and on the last follow-up examination (May 10, 1956) 
the child was in good health and no recurrence or metastases could be found. 


III. Summary 


The first case described presents a typical granular-cell myoblastoma occurring 
in the brow. These tumors are only rarely found around the eye. They are 
benign, and local excision is the treatment of choice. 

The second case presented is that of rhabdomyosarcoma of the orbit in a young 
girl. These tumors occur more frequently than is suspected and are probably 
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the commonest primary malignant orbital tumor in children. Early diagnosis and 
exenteration are the only chance for a permanent cure. 


REFERENCES 


. Dunnington, J. H.: Arch. Ophth, 40:14, 1948. 

. von Bahr, G.: Acta ophth. 16:109, 1938. 

. Cristini, G.: Rass. ital. ottal. 15 :207, 1946. 

. Bangle, R., Jr.: Cancer 5:950, 1952. 

Gamboa, L. G.: A. M. A. Arch. Path. 60:663, 1955. 

. Murray, M. R.: Cancer 4:857, 1951. 

Offret, G.: Arch. opht. 4:1; 81, 1941-1942. 

. Calhoun, F. P., Jr., and Reese, A. B.: Arch. Ophth. 27:558, 1942. 

. Offret, G.: Les tumeurs primitives de l’orbite, Paris, Masson & Cie, 1951. 
. Reese, A. B.: Tumors of the Eye, New York, Paul B. Hoeber, Inc., 1952 


— 


701 


Meningioma ( Endothelioma) of 
the Optic | 


Report of a Case 


SHEPARD N. DUNN, M.D. 
and 
FRANK B. WALSH, M.D. 
Baltimore 


The purpose of this paper is to report a case of optic nerve meningioma 
observed in a child at age 11 years and subsequently 17 years later. Certain un- 
usual features have seemed instructive to us. Brief mention of this case has 
been made elsewhere.* 

Optic nerye tumors were classified by Leber in 1877 as intradural and 
extradural (Hudson). In 1902, Byers collected all reported optic nerve tumors. 
He considered them as fibromas (see Hudson). In 1912, Hudson! classified 
optic nerve tumors as gliomas, meningiomas, and fibromas. Writing in Penfield’s 
“Cytology and Cellular Pathology of the Nervous System,” Verhoeff,? in 1932, 
followed Hudson’s classification. In 1938, Cushing and Eisenhardt* published 
a monograph on meningiomas and included several cases of interest in regard 
to the case here reported. Davis,* in 1939, wrote regarding primary tumors of 
the optic nerve and emphasized particularly the coexistence of neurofibromatosis 
and gliomas of the optic nerve and/or chiasm. 


Occurrence and Incidence 

Meningiomas that affect the optic nerves originate within the cranium, in 
the optic canal, or in the orbit. Forrest® studied 184 primary orbital tumors, 
and of these 17 were meningiomas. Craig and Gogela,® of the Mayo Clinic, 
found 17 meningiomas that were primary in the orbit and 35 that invaded the 
orbit. It is of interest that Verhoeff questioned the origin of these tumors from 
within the orbit while granting that such an origin might well occur. Coston’s? 
case, studied in this hospital in 1936, seemed to have fulfilled the requirements 
of a strictly intraorbital meningioma. In those cases which are within the orbit, 
the origin is from the arachnoid surrounding the optic nerve. The same holds 
true for those that are intracanalicular. In rare instances intraorbital meningiomas 
may arise away from the nerve sheaths, possibly from arachnoid tufts that have 
come to lie outside the dura. 

Meningiomas (dural endotheliomas) are most often Seen in women of middle 
age; Hudson found such tumors in 20 females and 7 males. These tumors occur 
in children. Hudson reported three in patients under 10 years of age; Dandy * 
removed one in a child of 5 and earlier reported a bilateral optic nerve en- 
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dothelioma in a child of 13. Offret® described one in a child of 3 years. Cushing 
and Eisenhardt described several cases in young persons. Our patient was a 
boy 11 years of age when he was first seen; unquestionably the tumor had been 
present for a long time prior to his visit to us. 

Meningiomas occur infrequently in Negroes. 


Pathology 

Meningiomas vary widely in their microscopic appearances. A classsification 
offered by Craig and Gogela seems as satisfactory as any other: (a) meningioma- 
tous meningioma with sheets and lobules of spindle-shaped endothelial cells; (>) 
psammomatous; (c) fibroblastic. The psammoma bodies probably originate from 
degeneration, hyalinization, and later calcification of the endothelial-cell whorls. 
Often pleomorphism is visible in a single slide, as Dandy pointed out. 

The tumor is locally invasive but does not metastasize. Intraocular involve- 
ment has been recorded by Hudson and by Coston, among others. There may 
be invasion of the disc, choroid, or sclera. In some instances the tumor actually 
invades the optic nerve, though the pia has been given credit for blocking spread 
to optic nerve substance. Hudson described several cases of invasion of the 
nerve, and such invasion has also been described by Broendstrup,’® Cushing, and 
Offret. 

Meningiomas which originate within the orbit tend to spread into the cranium, 
and those within the cranial cavity, similarly, are apt to encroach upon the orbit. 


Symptomatology 

Proptosis without pain usually precedes loss of vision. Both the proptosis 
and the loss of vision are slowly progressive. In most instances the eye is 
pushed straight forward and cannot be shoved easily back into the orbit. Often 
there is diplopia, although the range of extraocular movements remains full 
in many cases. The field of vision may remain full. There is no characteristic 
field defect. The optic nerve is either pale or swollen. In some long-standing 
cases there may be edema with atrophy. Rarely, the tumor invades the retina 
or choroid adjacent to the nerve. 

Roentgenograms may be normal. The orbital walls may be eroded. The 
optic foramen may be enlarged, and the canal may show erosion. The sphenoidal 
ridge may show hyperostosis. 


Report of Case 

White boy 11 years of age blind in the right eye. Tumor seemed to originate 
in the optic disc. Enucleation advised but rejected. Left eye normal. Seventeen 
years later right eye unchanged. Optic atrophy, left eye; loss of temporal field; 
L.E.V. 20/100. Right eye enucleated. Psammomatous meningioma of choroid, optic 
nerve, and optic nerve sheaths. Craniotomy. Tumor removed from around right 
nerve and chiasm. 

The patient was first seen in the Wilmer Institute, age 11 years, with a 
3-month history of blindness of the right eye. The totally blind right eye was 
deviated externally. 

The pupils were equal in size, but the right pupil reacted only to consensual 
light stimulation. The ocular movements of both eyes were of full range. In 
the right eye a mass was seen to arise from the temporal side of the disc and 
there was pallor of the nasal side. The mass came forward 2 to 3 D. at its 
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highest part. In total area, it covered four to six times the size of the disc. There 
was pigment on the nasal side of the mass toward the macula. There were no 
hemorrhages or exudates, and no vessels were seen extending into the mass. 

The left eye was normal in all regards, including visual acuity and visual fields. 

The diagnosis was thought to lie between optic neuritis, congenital abnormality, 
and tumor. The patient was instructed to return in three months and did so. The 
picture was unchanged. It was advised that the patient be readmitted to the 
hospital for enucleation of the right eye, but he was not seen until 17 years 
later, when he was 28 years of age. 

The patient returned with a story of failing vision in the left eye for two 
months. The right eye was unchanged. The fundus picture had not altered 
so far as could be determined from examination of the earlier note (Fig. 1). 
The vision in the left eye was 20/60, the disc was pale and seemed slightly 


Fig. 1.—Appearance of right fundus in January, 1955. 


Fig. 2.—Appearance of left 
fundus in January, 1955. 


swollen nasally (Fig. 2), and there was loss of the temporal half of the visual 
field. The ocular movements of both eyes remained full. With the exophthalmom- 
eter the right eye measured 18 mm. and the left eye measured 17 mm. 
General physical examination revealed questionable left-sided weakness. 
Roentgenograms of the skull showed sphenoidal ridge erosion. The optic 
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Fig. 4.—Section through tumor showing psammomatous meningioma, 


foramen on the right measured 7 mm. It was slightly larger than the foramen 
on the left. There was no erosion of the canal wall. 

On Jan. 25, 1955, the right eye was enucleated. It was obvious that there 
was a tumor involving the nerve (Fig. 3). This was a psammomatous meningioma 
(Fig. 4). The optic nerve was invaded, also the choroid (Fig. 5). 

A right carotid arteriogram was made on Jan. 31, 1955. This showed a 
space-occupying lesion situated anteriorly in the region of the chiasm. 

On Feb. 1, 1955, a right frontal craniotomy was done (Dr. George Smith). 
A tumor was found extending from the right optic canal. It surrounded the 
optic nerve and the carotid artery. It involved the chiasm and the left optic 
nerve. The tumor was removed insofar as possible. The bone was not touched. 
It was likewise psammomatous meningioma, 
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After operation was performed, there was a temporary diabetes insipidus. On 
discharge, the patient had 20/70 vision in the left eye and the upper nasal field 
remained. 


Comment 
leatures of this case merit comment. 1. Meningiomas are slow-growing, as 
exemplified by the absence of change in the picture of the optic fundus over a 
period of 17 years. 2. Absence of limitation of ocular movements and the absence 
of proptosis with proved intraorbital tumor is of interest. Proptosis is often a 
prominent sign of optic nerve tumor primary in the orbit or with tumors which 


Fig. 5.—Meningiomatous involvement of the choroid and optic nerve. 


extend from the cranial cavity to the orbit. 3. In this case there was enlarge- 
ment of the optic canal to 7 mm. According to Pfeiffer,!' this is the upper 
limit of normal. From the size of the optic nerve in the orbit and the mass 
within the cranium, it would have been anticipated that the optic canal would 
be much wider than was the case. There was no demonstrable erosion of the 
canal wall, and so extensive tumor involvement of the optic nerve in the orbit 
with extension to the cranial cavity or extension from the cranial cavity to the 
orbit via the optic canal does not necessarily produce pronounced enlargement of 
the canal nor does it necessarily produce erosion. A normal optic canal does not 
eliminate the possibility of tumor extending through it from the orbit to the 
cranial cavity or vice versa. In this case the canal was not unroofed after con- 
sideration of the intracranial features of the tumor. 4. Invasion of the optic 
nerve by meningioma and its presence within the eye is a most unusual feature, 
but it is not unique. 
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ae Anatomy of the 
Meshwork as in Tangential Ration 


MILTON FLOCKS, M.D. 
Palo Alto, Calif. 


The trabecular meshwork has a unique appearance, an important location, 
and it is not exceedingly small. Yet confusion and controversy still exists con- 
cerning its anatomy. This is readily understandable, for in studies of eye pathol- 
ogy meridional sections are made, in which only an unsatisfactory lateral view 
of the meshwork is seen. 

In sections of the eye as usually made in the pathology laboratory, the 
trabeculae appear as a number of interrupted linear fibers running from the 
end of Descemet’s membrane to the scleral spur and the ciliary muscle. This 
appearance is quite different than that which is seen in tangential and transverse 
sections and has led to disagreement on a number of points. 

1. Uveal and corneoscleral trabeculae. The trabeculum is usually described 
as consisting of two parts: an inner nonelastic uveal portion and an outer corneo- 
scleral part containing elastic fibers. Anderson! states that the absence of elastic 
fibers is the chief histological distinguishing factor of the uveal meshwork. To 
Rochon-Duvigneaud,? Assayama,* Virchow,* and Duke-Elder,® the major part 
of the meshwork is corneoscleral, the uveal portion being represented by a 
vestigial remnant of delicate trabeculae on the inner surface of the corneoscleral 
portion. Assayama* finds that the uveal meshwork usually consists of one 
layer, rarely two, and sometimes is absent. But to Allen, Burian, and Braley,® 
who divide the portions of the meshwork according to their anterior and posterior 
attachments, a large part of the meshwork is uveal. To Henderson,’ who sug- 
gested the term “‘cribriform ligament” for the entire meshwork, the structure is 
“nothing more than an open and non-sclerosed part of the sclera, and as such 
consists of longitudinal and circular fibers arranged crossways as a warp and 
woof so as to form an open meshwork.” 

2. Intratrabecular openings and interlamellar spaces. The spaces between the 
lamellae of the meshwork have been confused with the intratrabecular openings. 
Cells seen between the lamellae have been interpreted as being in and plugging 
the intratrabecular openings. Similarly, narrowing or widening of the spaces 
between the lamellae of the meshwork have been spoken of as enlargements or 
narrowing of the intratrabecular spaces, which, of course, is not at all the same 
thing. 

Received for publication May 9, 1956. 
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3. Type of communication between the anterior chamber and Schlemm’s canal. 
Anatomy of the inner wall of Schlemm’s canal. Difference of opinion concerning 
the anatomy of the inner wall of Schlemm’s canal and the way the aqueous passes 
through the trabeculae to the canal is great, and this divergence of opinion has 
recently been well catalogued by Francois * as follows: 

“If some think (Schwalbe, 1870) a direct communication exists by a system 
of trabecular clefts, others (Rochon Duvigneaud, 1893) agree with either an 
osmotic process for noncolloidal substances (Friedenwald, 1936), or a diffusion 
process (Kronfeld, 1932), or a filtration process (Fortin, 1942), or an ultra- 
filtration process. 

“Sondermann (1932), Theobald (1934), and Thomassen and Bakken (1951) 
postulated that there exists a direct communication. For Seidel (1918) the pores 
of the filter should have the same size as those of a collodion-membrane (three 
percent). One finds the same divergent opinions concerning the presence of 
endothelium on the level of the trabecular system, which, if it exists for some 
authors is absent for others. 

“Even those accepting the existence of endothelium do not agree with its 
anatomic repartition; for Gutman (1895) it only covers the walls of the clefts, 
which constitute the communications between the anterior chamber and Schlemm’s 
canal, for others it establishes an uninterrupted and nonperforated covering which 
is, however, not impassable (Leber, 1895) because colloidal substances can find 
an outlet either by slipping between the cells or by phagacytosis.” 

The openings between the meshwork and Schlemm’s canal were described by 
Sondermann ® as being relatively large openings and having an endothelial lining. 
From Sondermann and Theobald’s ! sections of these “inner canals,” the openings 
appear to be 10” to 25y in diameter. Other investigators’ do not find such 


openings. Recently Francois and co-workers * have demonstrated by microradio- 
graphic techniques that the “pores” in the inner wall of Schlemm’s canal are of 
a size between lp and 2. Huggert,!* of Stockholm, using injections of chromium 
phosphate particles and bacteria of various sizes, also found the pores to be 


Ip to 2.5 in size. 

Wolf '* has been impressed by the tissue in the area immediately adjacent 
to Schlemm’s canal on the trabecular side. He described it, from ordinary 
meridional sections, as resembling cotton wool. He believes that this tissue is 
homologous with the tissue under the endothelium of an arachnoidal villus and 
speculates that the trabecular meshwork functions in the same way as does 
an arachnoidal villus. In the picture in his book, the “cotton wool tissue” is much 
thicker than is usually seen. He states that here elastic tissue is absent. This 
is, incidentally, the area in which Teng, Paton, and Katzin '* found most of the 
degeneration in their study of aging and glaucomatous eyes. 

Recognizing that tangential views were essential for study of the anatomy 
of the meshwork, Assayama,* Rochon-Duvigneaud,? and Virchow* at the turn 
of the century made histologic studies of tangential sections of this structure. 
They made their preparations by immersing the eye in water and teasing the 
meshwork loose from the eye with dissecting needles and then examining the 
entire meshwork on a slide. With this crude technique much was learned of the 
real anatomy of the meshwork, 

Believing that sections made from meshworks which had been teased from 
the eye would fail to give all of the relationships of the meshwork and might 
show considerable distortion, I made efforts to produce tangential sections of 
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the meshwork in situ. To my knowledge no one has previously reported de- 
scriptions of the anatomy of the meshwork as seen in tangential sections made 
in situ.* A. Ray Irvine Jr.t has been studying tangential sections of the trabeculae 
made in situ since 1951, with particular emphasis on the changes in the mesh- 
work in glaucomatous eyes. 


Materials and Methods 


As part of a study of the structure and function of the’ trabecular meshwork 
in normal and glaucomatous eyes, the trabecular meshwork of 16 apparently 
normal eye bank eyes, 8 eyes enucleated because of neoplastic disease, and 12 
eyes with early open angle glaucoma have been examined in serial tangential 
sections made in situ. In this paper the appearance of meshworks of eyes with 
“normal” angles only will be described. The trabeculae of the glaucomatous eyes 
are still being studied, and the findings will be reported at a later date. 

The eyes were obtained from the Stanford Eye Bank and from unused 
callottes of the Stanford Eye Pathology Laboratory and the Armed Forces 
Institute of Pathology. More than 700 microscopic slides of the meshwork 
have been examined. 

The first preparations were made from specimens already prepared in 
pyroxylin (Celloidin) by cutting down from the outside of the eye in serial 
section completely through the meshwork until the anterior chamber was reached. 
Good tangential sections of the trabeculae were obtained by this method. 

Since the meshwork is on the inner surface of the limbus, it was realized 
that by starting to cut the sections from the anterior chamber surface fewer 
sections would be needed to encompass the entire meshwork and Schlemm’s canal. 
Accordingly, such sections were made and were quite satisfactory. 

Because of the equatorial curve of the eye, however, these sections, like the 
ones made by the previous method, had only a small amount of the meshwork 
on any one slide. It was found that with gentle pressure this curve could be 
partially flattened, with no distortion of the anatomy and yet with much more 
of the meshwork present on a single slide. Comparison of meshworks prepared 
by all three methods reveal no difference in the appearance of the trabeculae 
with any of the three methods used. This last method was then adopted because 
of its obvious practical usefulness; it is done as follows: 

A section of wet tissue 2 to 3 mm. on each side of the limbus and 10 to 
20 mm. in length is cut parallel to the limbus. This strip of tissue, which, of 
course, has the meshwork along its entire length is placed in melted paraffin with 
the inner surface down. It is then gently compressed from above with a flat 
instrument. The bottom of the pan is cooled rapidly with ice, and the com- 
pressing weight is removed. Serial sections are then made from within, out- 
wards, Alternate slides were stained with Masson’s trichrome stain. A variety 
of stains, including hematoxylin and eosin, periodic acid-Schiff, and Verhoeft’s 
elastic stain, were used on the remaining slides. 


Results 
Viewed tangentially, the trabecular meshwork is seen to be strikingly more 
complex than when seen meridionally. Controversy over what is uveal mesh- 


* Since the time this paper was written, a report by Ashton and co-workers has been made 
in the British Journal of Ophthalmology, 40, No. 5 (May) 1956, describing somewhat similar 
sections of the meshwork. 

t+ Irvine, A. R., Jr.: Personal communication to the author. 
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work and what is corneoscleral is easily resolved, for the uveal and corneoscleral 
meshworks are seen in tangential section to have quite distinct anatomical features. 

Traced in serial sections from the anterior chamber outwards to Schlemm’s 
canal, three areas with distinctly different histologic characteristics are seen (Fig. 
1): (a) the uveal meshwork (the inner lamellae); (>) the corneoscleral mesh- 
work (the middle and largest portion); (c) the inner wall of Schlemm’s canal, 
the “pore tissue.” 


Schlemm's canal 
Pore tissue 


WIRES 


Vi 


Fig. 1.—Lower one-half of diagram (A) shows appearance of the uveal meshwork from 
within the anterior chamber. In the upper part of the diagram (8) the meshwork and 
Schlemm’s canal have been cut obliquely, almost transversely, to show all of the lamellae 
and their relations to the scleral spur and the ciliary muscle. 


(a) The Uveal Meshwork.—\n all of the eyes studied the uveal meshwork 
was always present; indeed, its appearance was so striking and characteristic that 
it served as a landmark of use in locating the meshwork on the slide. The uveal 
meshwork consists of the inner one or two lamellae. A lamella consists of a 
meshwork of small beams lying in a single plane. Each beam is circular in cross 
section and is made up of a central core of collagen fibers covered by an en- 
dothelium containing cells with flattened nuclei. The average diameter of a 
uveal beam is 4y. The beams are arranged to form large irregular spaces fre- 
quently trapezoidal or rhomboidal in form (Fig. 2). These openings are irregular 
and have no definite orientation. Their size varies from 25p to 75 across. The 
large elliptical nuclei with prominent nucleoli, which have been described as 
endothelial cells, lie outside the collagen core which makes up the bulk of the 
beams. These nuclei closely resemble the fixed cells of the sclera and cornea. 
A barely visible transparent tissue, as seen with Masson's stain, covers the 
collagen beams. 

Each uveal lamella is attached on one side to the tissue at the end of Descemet’s 
membrane (Schwalbe’s line) and on the other side to the ciliary muscle, prin- 
cipally the longitudinal fibers (Fig. 2). 

Occasionally a uveal lamella courses posteriorly to attach to the iris, to 
form an iris process. In every case in which a connection between the trabecular 
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UVEAL 


Fig. 2.—Diagram of one lamella of the uveal meshwork in tangential section, showing 
attachments. Note the characteristic angular openings, which frequently assume a rhomboidal 
or trapezoidal form. 


area and the iris was present the tissue was that of uveal meshwork, not iris tissue. 
(b) The Corneoscleral Lamellae. 


The beams are broad and flat, measuring 


Fig. 3. Photomicro- 
graph of uveal 
meshwork in tangential 
section. Compare with 
Figure 2 
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SCLERAL 
SPUR 


CILIARY 
MUSCLE 


Fig. 4—Diagram of one lamella of the corneoscleral meshwork in tangential section, 
showing attachments. Note that the course of the meshwork fibers and of the long axis of 
the openings is parallel to the scleral spur and perpendicular to the longitudinal fibers of the 
ciliary muscle which attaches to the scleral spur. 


3uX7p to 34% 20p in cross section. Each beam is seen to be made of a num- 
ber of collagen fibers which run in an equatorial direction (Figs. 1 and 4). This 


Fig. 5.— Photomicro- 
graph of corneoscleral 
meshwork, Note the el- 
liptical openings, the long 
axes of which run in an 
equatorial direction. 
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is perpendicular to the direction in which the fibers appear to be coursing in 
ordinary meridional sections. The beams of the inner lamellae are broader than 
the outer ones. 


Numerous elliptical openings are seen with the long axis of the openings 


Fig. 6.— Photomicro- 
graph of corneoscleral 
meshwork. Note the scler- 
al spur (A) and the 
ciliary muscle (B). 


parallel to the direction of the fibers (Figs. 4, 5, and 6), i. e., in an equatorial 
direction. Assayama * in 1901 noted the elliptical shape and equatorial orientation 
of these spaces in his study of teased trabeculae. 

This direction is also seen to be parallel to the fibers of the scleral spur 


Fig. 7.—Photomicrograph of ob- 
lique section through the meshwork. 
The arrows point to cut sections of 
corneoscleral trabeculae. The trabecu- 
lar beam closer to Schlemm's canal 
(S) is considerably smaller than the 
inner one. P marks the “pore tissue.” 
Compare with Figure 1, B. 
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and to be perpendicular to the longitudinal fibers of the ciliary muscle, which 
may be seen attaching to the scleral spur (Figs. 4, 5, and 6). From the orienta- 
tion of these openings it would seem that contraction of the ciliary muscle would 
make the openings rounder and therefore larger. This point is now being investi- 
gated by Dr. Christian Zweng and myself in monkey eyes. 

The size of the elliptical openings varies in each lamella, but, like the beams 
(Fig. 7), the openings are somewhat smaller in the outer lamellae than in the 
inner ones. The average size of these elliptical openings is about 104 30, but 
many are as small as 5415p and some are as large as 15 to 50u. They are 
always smaller and show less variability in size and shape than the openings 
in the uveal meshwork. 

The lamellae are attached on one side to Schwalbe’s line and the deep corneal 
stroma and on the other side chiefly to the scleral spur. The deepest lamellae 
may sometimes continue posterior to the spur to attach directly to the meridional 
fibers of the ciliary muscle. 

Occasionally anterior-posterior beams are seen which seem to be connecting 
one lamella to the lamella immediately adjacent to it, but these interlamellar 
beams are uncommon. In transverse sections they are hard to find. Assayama* 
states that in teased preparations of the meshwork one can separate and remove 
the lamellae one at a time. 

The lamellae are usually 8 to 14 in number and are farther apart near the 
ciliary body and scleral spur (Fig. 8). On the other side, close to their attach- 


Fig. 8.— Photomicro- 
graph of ordinary me- 
ridional section. The 
lamellae are farther 
apart near the ciliary 
muscle and are closer to- 
gether near Descemet's 
membrane. Note the ir- 
regular arrangement and 
thickness of the “pore 
tissue.” 


ment to Schwalbe’s line, the lamellae in meridional section appear densely packed 
and are difficult to count. Endothelial cells attach to the surface of the collagen 
beams just as they do in the uveal meshwork. Because nuclei are present on 
both surfaces of each beam, there may appear to be, in meridional section, a 
greater number of lamellae present than is truly the case. 

The appearance of the corneoscleral trabeculae varies greatly with the age 
of the person. In children and young persons the collagen component is much 
less and the endothelium is more prominent (Fig. 9). Indeed, in the young the 
endothelium may obscure some of the openings so that the typical elliptical-shaped 
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openings, although present, are harder to find. In older persons the increase in 
collagen, apparently at the expense of the endothelium, makes the anatomy of 
the openings in the meshwork more easily seen. 


Fig. 9%. — Photomicro- 
graph of corneoscleral 
meshwork of a 10-year- 
old boy. There is less 
collagen in the beams; 
consequently, the pattern 
of the elliptical openings 
is harder to discern. 
Note the scleral spur 
(A) with the fibers of 
the ciliary muscle 
running perpendicular to 
it. 


(c) The Inner Wall of Schlemm’s Canal (the “Pore Tissue’ ).—I1 have traced 
in serial tangential sections the size of the openings in the uveal and corneoscleral 
meshworks from the anterior chamber to Schlemm’s canal and have found, as I 
have already described, that until the region of the inner wall of Schlemm’s canal 
is reached the openings are much larger than the lu to 2u pore size demonstrated 
by Francois and co-workers * and Huggert.'* The small openings of lp to 
the pores, must therefore be in the region of the inner wall of Schlemm’s canal. 
This tissue I shall call the “pore tissue.” 


If Schlemm’s canal is lined by a single layer of endothelium which lies on 
the outermost lamella of the corneoscleral meshwork, then this endothelium must 
be adherent to this trabecular lamella. For if it were not attached, this very 
thin membrane would collapse with the slightest increase in pressure in the 
anterior chamber. What is the nature of this attachment, and what is the anatomy 
of the tissue in this area? 

The tissue between the innermost corneoscleral lamellae and Schlemm’s canal 
is difficult to study in tangential section, The inner wall of Schlemm’s canal is 
very irregular, having frequent, sometimes angular, outpouchings into the lumen 
of the canal (Fig. 8). 

In oblique and transverse sections one can see that the inner wall of Schlemm’s 
canal is adherent to the outermost corneoscleral lamella by thin collagenous 
strands of tissue. There is a great concentration of nuclei in the “pore tissue.” 
These nuclei appear identical with those in the corneoscleral and uveal beams. 
The distance between the nuclei is variable. The appearance of the internuclear 
tissue is variable, being sometimes fibrillar, sometimes glassy (Fig. 10). It seems 
to be made up of the same tissue which is the outer layer of the trabecular beams. 

There is great variability in the thickness of this tissue in different persons 
and in different areas in the same person. In young persons the “pore tissue” 
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is thinner. In some older persons the tissue in some areas become as much as 
10 times its usual thickness of 54 to 7p (Fig. 8). 

In my opinion, the endothelial-lined inner canals described by Sondermann ® 
as direct communications between the anterior chamber and Schlemm’s canal are 
artefacts. In tangential sections no such structures are seen, The openings of 
the canals as pictured by Sondermann® and Theobald are too large, being 
in the neighborhood of 10p to 25y. 


One can speculate on the nature of the direct openings in Schlemm’s canal. 
It is possible that the great concentration of nuclei in the inner wall, which have 
the same appearance as the nuclei of the meshwork, represents the nuclei of the 
same endothelial tissue which is around each beam of the meshwork. The relative 


Fig. 10. — Photomicro- 
graph of tangential 
section of an outpouch- 
ing of the inner wall 
(A) of Schlemm’s canal 
into the canal itself (B). 
Note irregular, some- 
times fibrillar, sometimes 
glassy appearance. The 
nuclei are arranged in an 
irregular fashion. 


amount of endothelial tissue in comparison to collagen is greatly increased, and 
so the endothelium surrounding a single collagen fiber may be in contact with 
the endothelium surrounding the next fiber, with no spaces being present as they 
are in the meshwork itself. The fluid, under pressure, would pass through by 
slightly indenting and squeezing between the endothelial membranes. Openings 
of the small size of lp to 2m could be better explained in this way than by an 
endothelium-lined canal, which would have to have a lumen less than one fourth 
the size of a capillary. The linear shape of some of the openings in the inner 
wall described by Frangois* could also be explained by this hypothesis. The 
outpouchings and thickenings found in some areas of the inner wall might be 
caused by localized increased resistance in these areas. The nature of the “pore 
tissue” must be investigated further, however. 
Summary 
To understand the anatomy of the trabecular meshwork, study of tangential 
sections of this structure is essential. A method of making tangential sections 


of the meshwork in situ is described. From tangential sections, traced serially 
from the anterior chamber to Schlemm’s canal, three areas with distinctly different 
anatomic structures are seen: the uveal meshwork, the corneoscleral meshwork, 
and the inner wall of Schlemm’s canal. The appearance of these structures is 
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described, including the size, shape, and orientation of the openings in the uveal 
and corneoscleral trabeculae. 
850 Middlefield Road 
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Chaler Manifestations of Riley-Day 
Syndrome 


Familial Autonomic Dysfunction 


SUMNER D. LIEBMAN, M.D. 
Boston 


In a series of papers, the first of witich was published in 1949, Riley * and 
his co-workers have described a syndrome, called familial dysautonomia, which is 
becoming of increasing interest to both the pediatrician and the ophthalmologist. 
Since the syndrome has been defined only in recent years, there are relatively 
few cases on record. Nevertheless, it is probably not a rare disease. Dr. Riley ¢ 
knows of more than 70 cases which meet his criteria. 

The syndrome is characterized by a plethora of symptoms. The earliest mani- 
festations in infancy may be retarded development with low weight gain, difficulty 
in swallowing, and frequent bouts of respiratory infection or aspiration pneu- 
monia with an exaggerated febrile response. The infant is subject to dehydration 
and may perspire and drool excessively. He fails to produce tears when he cries. 
The reported cases have occurred in Jewish children, with a few exceptions. 
The physical examination reveals generalized indifference to pain, including corneal 
hypesthesia; hyporeflexia; labile hypertension, and postural hypotension. 

The purpose of this paper is to present a more complete picture of the ocular 
manifestations of familial dysautonomia (Riley-Day syndrome). Three cases are 
reported which represent different degrees of corneal involvement. Case 1 rep 
resents the severe ulcerative type. In this case, the postmortem findings including 
the ocular pathology are recorded for the first time. Dr. David Cogan made the 
pathological report, and his findings are quoted verbatim below. Cases 2 and 
3 are presented as examples of the minimal, easily overlooked, and more frequent 
types of keratopathy not previously described. 

Case 1.—A Jewish boy was born at the Beth Israel Hospital on Jan. 30, 
1951, weighing 5% lb. He was in medical difficulty almost constantly until his 
death, two years later. On the second day of life he developed otitis media and 
diarrhea with leucocytosis. He was treated with penicillin and sulfadiazine. 
Oxygen was used continuously for the first few days and intermittently for the 
next 19 days. After discharge from the hospital he became a feeding problem at 
home and failed to gain in weight. He developed diarrhea and was admitted 
to the Children’s Medical Center on April 29, 1951, at the age of 3 months. 
Neurological examination showed evidence of some gross cerebral defect, and 
there was a poor corneal reflex in each eye. X-ray studies revealed double renal 


Received for publication May 2, 1956. 
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pelves and ureters. He responded fairly well to general supportive therapy, but 
he subsequently had to be readmitted to the Children’s Medical Center, in May 
and November, 1951, for bronchopneumonia and continued failure of normal 
development. A diagnosis of pancreatic fibrosis was considered. A single stool 
trypsin test was negative. During the third hospitalization, when the child was 
8 months of age, the right eye became congested. Ophthalmoiogic examination at 
first revealed a fairly large abrasion in the center of the right cornea. Local 
antibiotics, cortisone, and pressure bandages were recommended, but regeneration 
of the corneal epithelium failed to occur in the usual manner. On the contrary, 
the corneal lesion became progressively more extensive and deep. The cornea 
assumed a bluish-white, milky appearance. There was no ciliary congestion. It 
was then noted that the corneas were almost completely anesthetic and dry. There 
was definite hypesthesia in the distribution of the fifth cranial nerve. A Schirmer 
test showed marked deficiency in tear formation, and the child was observed 
to ery without tears. I thought the child had a neuroparalytic keratitis. Dr. 
Trygve Gundersen and Dr. Joseph Clough agreed, and they suggested a tar- 
sorrhaphy. This procedure was then carried out on the right eye by Dr. Clough, 
who treated the child until its death. During the course of this admission, copious 
drooling, tongue biting, and generalized indifference to painful stimuli were noted. 
At this time, the diagnosis of familial dysautonomia was made by Dr. William 
Berenberg, who made the diagnosis in Cases 1 and 2. 

After the patient's discharge from the hospital, the tarsorrhaphy produced 
considerable improvement in the ulceration of the right cornea. When the cornea 
no longer stained with fluorescein, the lid adhesions were divided. Soon, however, 
a diffuse opacity appeared in the lower third of the left cornea. At this time 
the patient was seen in consultation at the Massachusetts Eye and Ear Infirmary, 
where it was thought that the indolent ulceration and keratinization of the cornea 
in a relatively white eye were most suggestive of vitamin A deficiency, secondary 
to pancreatic fibrosis. Figure 1 is an artist’s drawing from a Kodachrome { of 


SS 


Fig. 1 (Case 1).—Artist’s drawing from Kodachrome film, showing dense, deep, and 
diffuse involvement. 
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the right eye modified to show the appearance of the right cornea before the 
tarsorrhapy. Because of the ulceration of the left cornea, the child was admitted 
to the Children’s Medical Center for a fourth time, on Jan. 18, 1952, for lid 
suturing of the left eye. During this admission, the question of vitamin A 
deficiency was investigated. An oral vitamin A-absorption test was normal. After 
his discharge from the hospital, the child was observed as an outpatient until 
January, 1953, when the left cornea again became ulcerated. The patient was 
then admitted to the Massachusetts Eye and Ear Infirmary on two occasions, 
both for more extensive tarsorrhaphy on the left eye. During the course of 
these hospitalizations, a dermatology consultant stated that, in his opinion, there 
was no clinical evidence of vitamin A deficiency. On one occasion, the child 
developed a temperature of 108 F secondary to otitis media, His tongue biting 
became so serious that multiple tooth extractions had to be carried out. On 
March 9, 1953, without warning, he was found dead in his crib. 

An autopsy was performed, and the general pathologic diagnoses were as 
follows: bronchopneumonia confluent, bilateral, extensive; lacerations of the ton- 
gue; bilateral double ureters and pelves, and multiple tooth extractions. The 
pancreas was normal. 

The following is the verbatim report of Dr. Cogan’s description of the micro- 
scopic ocular pathology: Right eye: eye normal except for cornea. This shows 


Fig. 2 (Case 1).—Photomicrograph of hematoxylin-and-eosin-stained section of 
cornea, showing metaplasia and keratinization of epithelium, 
definite metaplasia of epithelium with some keratinization (Fig. 2). In one area, 
there is band keratopathy with a plaque that is becoming exteriorized. Beneath 
the epithelium and especially beneath the calcified plaque, the superficial stroma 
is very loose and shows some increase in cellularity with round cells and a few 
blood vessels. Bowman’s membrane is only occasionally present. Sudan staining 


t The stereo Kodachrome photographs were taken by Dr. David Donaldson. The 
drawings were made by Mr. William Stenstrom. 
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is negative, but von Kossa stain is positive. No goblet cells are seen in the 
conjunctiva, but this may not be abnormal. 

Left eye: The corneal epithelium of this eye looks essentially normal, although 
it is peculiarly separated from Bowman’s membrane in one area. However, the 
superficial stromal lamellae appear abnormally fine (such as one finds in the 
conjunctiva), suggesting a rarification of the preexisting collagen or the formation 
of new fibers that have not yet developed collagen. In other areas Bowman's 
membrane appears thin, suggesting the former. The changes in this eye, unlike 
those in the other eye, suggests that the primary abnormality is in the superficial 
corneal stroma. 

Comment.—This is an example of ocular involvement in familial dysautonomia 
(Riley-Day syndrome) so severe that it resembles neuroparalytic keratitis and 
keratomalacia. It is very much like those cases reported by Dunnington* and 
also like the two cases reported by Segall ® as “congenital neuroparalytic keratitis.” 
Pancreatic fibrosis with secondary vitamin A deficiency and keratomalacia can 
produce a similar picture, both in its systemic and in its ocular manifestations. 
In this particular case, most of the criteria for familial dysautonomia were 
present. The postmortem findings were nonspecific, but this is not surprising 
in a disease which is thought to be due to a disturbance of neurologic function. 
Autopsy was useful, however, in ruling out pancreatic fibrosis. The microscopic 
examination of the ocular tissues was also nonspecific in its findings, merely show- 
ing.the evidences of severe keratinization and ulceration with an absence of inflam- 
matory reactions. 


Case 2.—-A Jewish girl was born on Nov. 27, 1949. The gestational period 
and delivery were uneventful, and the birth weight was 5 lb. 5 oz. Almost 
from the beginning she began to have intermittent bouts of atelectasis, pneumonia, 
and diarrhea over a period of four months. After discharge from the hospital, 
there occurred several episodes of bronchitis. She was first admitted to the 
Children’s Medical Center on Jan. 4, 1951, at 13 months of age. Two or three 
days prior to admission, she developed a fever which rose progressively to 106 
F,, associated with noisy breathing and vomiting. She was treated with penicillin, 
without much effect. On admission, she was found to have moderately severe 
dehydration and pneumonitis. It was felt that she also was mentally retarded. 
She responded well to treatment and was discharged seven days later, on January 
11, 1951. She was admitted again on July 8, 1953, because she had never been 
known to tear while crying, had had numerous breath-holding episodes, had 
cyanosis, exhibited emotional lability and generalized indifference to painful 
stimuli, and was walking with considerable clumsiness. The diagnosis of familial 
dysautonomia was made at this time by Dr, William Berenberg. There were no 
ocular complaints. A third admission to the Children’s Medié¢al Center occurred 
on Feb. 6, 1955, because of high fever and severe dehydration. On admission, 
she was found to have ocular involvement. Examination of the cornea revealed 
a fairly large horizontally elliptical area of epithelial edema, confined to the region 
covered by the lower lid. Approximately the lower one-fourth of the cornea 
was involved, and there was a more widespread diffuse haziness of the underlying 
corneal stroma extending upward to the midpoint of the cornea. There was no 
actual ulceration. Both eyes were completely white and quiet, and the corneas 
showed marked hypesthesia. There was also definite hypesthesia of the face in 
the distribution of the fifth cranial nerve. Although the child did not ety with 
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tears, the eyes did not actually seem dry at the time of this or subsequent 
examinations. Since the lesion appeared to be in the area of the cornea which 
might be exposed during sleep and because of the corneal hypesthesia, deficiency 
in lacrimation, and severe dehydration, isotonic saline was instilled in both eyes 
at frequent intervals frem the time of admission. This resulted in definite im- 
provement in the appearance of the cornea. Frequent instillations of ophthalmic 
borid acid ointment were also advised. Although the corneal lesions improved 
considerably, the photograph shown in Figure 3, taken after discharge from 


Fig. 3 (Case 2).—Black and white reproduction of actual photograph (Kodachrome) 
of right eye almost at the height of its involvement. Only a faint scar can be seen at 
present (similar to Case 3, Fig. 4). 
the hospital, shows that considerable corneal pathology was still present. Sub- 
sequently, the epithelial lesions healed, leaving well-defined elliptical superficial 
scars which were obvious for seven months. At the present time, even these 
scars have faded considerably, but they can be seen easily with focal illumination 
and low magnification. The parents have been instilling a bland ointment into 
each eye every night and have been advised to do this three times a day if and 
when bouts of fever and dehydration occur. There have been no further attacks 
of acute corneal involvement during the year in which the patient has been under 
my observation. The visual acuity is 20/25 in each eye. 

Comment.—The corneal involvement in this case is clinically different from 
that in Case 1, where the involvement was more central, more ulcerative, and 
more milky-white in appearance, In this case, the involvement was almost entirely 
in the lower one-third of the cornea and the lesion responded very readily to 
simple local treatment. The residual scarring is minimal and could easily be 
overlooked on casual examination. Nevertheless, when active, the lesion was 
very obvious, but it could never have been confused with keratomalacia or 
neuroparalytic keratitis. 

Case 3.—A Jewish boy was born normally at full term and weighed 6 Ib. 
1% oz. His first admission to the Children’s Hospital was at age 3% months, 
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on June 9, 1952, because of failure to gain in weight. Past history revealed 
that he had been hospitalized elsewhere when 3 weeks of age for bronchitis, 
requiring steam and chlortetracycline (Aureomycin) treatment. A neurologic 
consultant felt the child showed some evidence of mental retardation; subse- 
quently, he was admitted to the Children’s Hospital a total of 19 times! The 
majority of these admissions were for bronchopneumonia, tonsillitis, and pharyn- 
gitis with hyperpyrexia and dehydration. He failed to gain in weight and was 
underdeveloped. Between the fourth and fifth admissions, the diagnosis of familial 
autonomic dysfunction was made by Dr. Harry Shwachman. This time it became 
apparent that the child failed to tear when crying, had diminished pain sensation 
and marked emotional lability, and was retarded in both motor and intellectual 
development. The child was examined by numerous members of the resident and 
visiting staff during these 19 admissions. Ocular involvement was never noted. I 
saw him on Aug. 3, 1955, when he was 3 years old. Definite irregular superficial 
scarring in the lower one-fifth of the right cornea and faint scarring of the left 
cornea were observed. These scars seemed to be at the level of Bowman’s mem- 
brane, some of them being linear and some of them roundish in shape. Only the 
lower one-fifth of each cornea was involved. There was definite hypesthesia of 
both corneas. Figure 4 is an artist’s drawing of the Kodachrome picture. 


Fig. 4 (Case 3).—Artist’s drawing from Kodachrome film of right eye. The lesion is 
exaggerated for purposes of illustration and can actually be seen only with a loupe (2 
magnification ). 


Comment.——This case is an example of the minimal type of corneal involve- 


ment in which ocular symptoms do not necessarily come to the attention either 


of the parent or of the pediatrician but are observed only in ophthalmologic 
examination, with use of focal illumination with magnification. Such lesions are 
important diagnostically and therapeutically. They indicate that the corneas are 
vulnerable and suggest that prophylaxis, in the form of a protective ointment, 
instilled at night, is indicated. 
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Summary 

Three cases are presented which represent different degrees of corneal involve- 
ment in Riley-Day syndrome (familial dysautonomia). The ocular abnormality 
may consist of the following: 

(1) A severe central ulceration resembling neuroparalytic keratitis and 
keratomalacia, responding only to tarsorrhaphy. 

(2) A mild process resembling exposure keratitis in its location and appear- 
ance, responding readily to the instillation of a protective bland ointment or to 
saline eye drops. 

(3) A faint scarring resembling etched glass in the lower cornea occurring 
in the absence of any history of ocular symptoms or disease. 

The clinical photographs in these cases were taken by David D. Donaldson, Howe 
Laboratory of Ophthalmology, Boston. 

115 Bay State Rd. 

REFERENCES 

1. Riley, C. M.; Day, R. L.; Greeley, D. M., and Langford, W. S.: Central Auto- 
nomic Dysfunction with Defective Lacrimation: Report of 5 Cases, Pediatrics 3:468, 1949. 

2. Riley, C. M.: Familial Autonomic Dysfunction, J. A. M. A, 149:1532, 1952. 

3. Riley, C. M.; Freedman, A. M., and Langford, W. S.: Further Observations on 
Familial Dysautonomia, Pediatrics 14:475, 1954. 

4. Dunnington, J. H.: Congenital Alacrima in Familia! Autonomic Dysfunction, 
A. M. A. Arch. Ophth. 52:925, 1954. 
5. Segall, W.: Congenital Neuroparalytic Keratitis, Am. J. Ophth. 39:732, 1955 


} 

f 

° 


Vivo Studies on the 
of Rabbits 


HAROLD A. STEIN, M.D. 
KHALIL G. WAKIM, M.D. 


and 
C. WILBUR RUCKER, M.D., Rochester, Minn. 


The choroidal circulation has presented a challenging problem to investi- 
gators who have attempted to determine its basic physiology. Few attempts 
have been made to study this rich vascular coat of the eye, and the approach 
to the problem has varied. The opaque sclera in higher animals has been a 
constant obstacle to the external approach to these vessels. Only recently 
have reports appeared of observations made by means of the external ap- 
proach to determine the response of the choroidal vessels to various chemical 
and nervous stimuli.* 

Emphasis has been focused on this vascular coat of the eye in recent years 
by the anatomic contributions of Ashton* and Wybar.t Many ocular dis- 
eases may be attributed directly or indirectly to choroidal vascular disease. 
The role of the choroid in the problems of glaucoma, sympathetic ophthal- 
mia, the Sturge-Weber syndrome, choroideremia, and retinal detachments, 
along with a variety of other pathologic ocular processes, remains to be clari- 
fied. Ashton,* in 1952, stated: “After more than two centuries of careful 
research it is remarkable that our information upon some of the essential 
points should remain so inadequate.” 

Because of the paucity of experimental reports available on the reactions 
of the choroidal vessels, this investigation was undertaken in an attempt to 
develop and utilize a practical method for direct observation of the choroidal 
circulation and, through it, to study the effects on the choroidal vessels of 
some of the commonly employed drugs. After preliminary experiments to 
determine the best means of studying the choroidal circulation, we considered 
that the excellent view afforded by dehydration of the sclera would best serve 
our purposes. 


Procedure 
Albino rabbits varying in weight from 2 to 5 kg. were chosen. The ab- 
sence of uveal pigment in the albino rabbit facilitates study of the choroidal 


Received for publication April 23, 1956. 

Abridgement of thesis submitted by Dr. Stein to the Faculty of the Graduate School 
of the University of Minnesota in partial fulfillment of the requirements for the degree 
of Master of Science in Ophthalmology. 

Fellow in Ophthalmology, Mayo Foundation (Dr. Stein); Section of Physiology (Dr. 
Wakim) and Section of Ophthalmology (Dr, Rucker), Mayo Clinic and Mayo Founda- 
tion. The Mayo Foundation is a part of the Graduate School of the University of 
Minnesota. 

* References 1-3. 
+ References 5 and 6. 


726 


CHOROIDAL CIRCULATION 


circulation by the afore-mentioned technique. In contrast to man, the venae 
vorticosae of rabbits lie considerably anterior to the equator | and hence may 
be seen by this technique. Rabbits are also well suited for this method be- 
cause the supraorbital ridge lies behind the equator of the eye and hence a 
large segment of the anterior portion of the eye can be viewed, Pentobarbital 
(Nembutal) sodium in doses of 25 to 30 mg. per kilogram of body weight was 
given intravenously as the anesthetic agent in all experiments. 

With the anesthetized rabbit secure in a conventional rabbit box (Fig. 1), 


Fig. 1—Apparatus set up for observation of the choroidal vessels in the eye of the 
albino rabbit. 


00 black nonabsorbable surgical (silk) sutures were inserted into the pal- 
pebral conjunctiva of the upper and lower lids near their margins for retrac- 
tion sutures. The lids were retracted, and the eye was exposed. Medial and 
lateral canthotomies were performed to permit more adequate exposure of 
the eye. In some cases in which the level of anesthesia was not sufficiently 
deep, 0.5% solution of tetracaine (Pontocaine) hydrochloride was instilled 
and 1% solution of procaine hydrochloride was injected at the canthi. The 
nictitating membrane was drawn forward and excised to allow greater ex- 
posure of the medial portion of the eye. 

The conjunctiva and bulbar fascia were drawn taut and incised in a curved 
incision 2 mm. behind and parallel to the limbus, in the superior nasal sec- 
tion of the globe. The conjunctiva and bulbar fascia were dissected free from 
the underlying sclera as far posteriorly as exposure permitted. In some cases, 
a 0000 silk suture was inserted in the tendon of the superior rectus muscle 
to aid in this procedure. The conjunctiva and fascia were then retracted with 
0000 silk sutures. This exposed an area of sclera measuring approximately 
13 by 10 mm. in the superonasal quadrant of the globe. 

As the result of dehydration produced by exposure of the bared sclera to 
room air, transparency of the sclera began to occur, accompanied in about five 
minutes by reddening under the sclera (Fig. 2). Within 15 to 20 minutes, the 


t References 7 and 8. 


727 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Fig. 2.—(a) Lids retracted, with conjunctiva incised at limbus and pulled back to ex- 
ose underlying sclera. (b) Fifteen to twenty minutes after exposure to air, the sclera 
comes dehydrated and transparent. 


Fig. 3.—(a) and (b) Direct transillumination through the pupil, demonstrating the 
vascular network in the choroid. (a) One of the venae vorticosae. (b) Long posterior 
ciliary artery. (c) Photomicrograph of choroidal arteries in same rabbit. Ink mark has 
been placed on sclera to identify choroidal artery. Each unit on scale corresponds to 30g; 
reduced slightly from mag. x 40. 


opaque sclera in the exposed region became completely transparent, thus 
providing a clear view of the underlying vessels (Fig. 3). The transparent 
sclera could be made opaque again within a few minutes by covering it with 
the retracted conjunctiva and upper lid.. This procedure was repeatedly re- 
versible. 

A relatively cool light, from the use of thick glass lenses with intervals 
of air, was used as a source of illumination (Fig. 1). By means of two convex 
lenses, light from a 300-watt projector was focused through the pupil of the 
rabbit’s eye. Thus, the choroidal vessels could be viewed from an external 
approach by transillumination from the light that filled the interior of the 
eye. 

For viewing the scleral vessels, a wide-field binocular microscope was set 
up over the transparent exposed portion of the sclera (Fig. 1). The magnifica- 
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tions used in this study were X 60 and X 90. A micrometer scale was inserted 
in one of the oculars and standardized with a Bausch and Lomb micrometer 
disk so that each small unit on the scale corresponded to 25y at X 60 and 18% 
at X 90. For photography, a special monocular microscope of X 40 was used, 
with a micrometer scale on which each small unit corresponded to 30p. Serial 
photomicrographs were taken every 10 to 15 seconds as confirmation of the 
many observations made and recorded. With this arrangement, an excellent 
view of the choroidal vessels and blood flowing through them could be ob- 
tained, and direct measurement of the caliber of the vessels could be made. 

Drugs previously warmed to body temperature in a water bath were admin- 
istered by means of a fine polyethylene tube into either the vein of the ear or the 
common carotid artery on the same side as the eye being examined. In parallel 
studies on albino rabbits of similar weights, determinations of blood pressure 
were recorded by means of a strain-gauge manometer connected to the femoral 
artery. 

Observations on the choroidal vessels were made continuously before, during, 
and after injections; with the aid of a stop watch, recordings of the caliber of 
vessels were made as early as changes were apparent and at 1-minute intervals 
for 30 minutes. We usually selected a small choroidal artery whose connection 
with the long posterior ciliary artery could be definitely established. An India- 
ink mark was placed on the sclera overlying one of the smaller choroidal arteries 
of a caliber of 50p to 75p (Fig. 3). This ink mark was placed 6 to 8 mm. behind 
the limbus and consequently behind the equator of the rabbit’s eye, which is 
5.5 mm. from the limbus according to Urrets Zavalia.® The ocular containing 
the micrometer scale was turned so that one of the units of the scale was placed 
against one edge of the vessel wall for measurement of the diameter of the 
choroidal artery before, during, and after administration of the various drugs 
employed. This method permitted continuous observation of the comparative 
diameters of the same cross section of the selected vessel under various conditions. 


Results 


Under low-power magnification, the long posterior ciliary artery, varying in 
size from 200u to 360p, could be seen coursing toward the limbus in the anterior 
portion of the eye (Fig. 3). Superiorly, one of the venae vorticosae could be seen 
that was located 4 to 5 mm. behind the limbus and that measured about 450, in 
diameter at its origin. The larger channels entering the vortex averaged about 
230u in diameter. Lying between this vein and the long posterior ciliary artery, 
numerous small channels could be seen, many of which were fed by branches of 
the long posterior ciliary artery. These vessels varied in size from 18m to 90,, 
with by far the majority being about 50y to 75p in diameter. Under high-power 
magnification ( 90), the flow of blood was visible in these choroidal vessels. 

Effect of Drugs Given Intravenously.—Sodium nitrite in doses of 2 mg. per 
kilogram of body weight was injected into the veins of the ear of five rabbits. 
The diameters of the observed vessels ranged from 36y to 100p. This drug 
produced no detectable change in caliber of the choroidal arteries. 


Epinephrine hydrochloride (1:1000) was administered intravenously to 10 
animals, with repetition in 3 animals, making a total of 13 observations. The 
dose ranged from 2y to 40y per kilogram of body weight, the usual dose being 
10y per kilogram. The caliber of the vessels examined ranged from 50p to 100,, 
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with an average of 634. Vasoconstriction of the observed artery occurred after 
all 13 injections. From the average preinjection caliber of 63, the arteries 
constricted to an average of 49u (Fig. 4). This represents a net change of 22%. 


100 


° 


a 


(microns) 


intravenous Mean 
@ <@ intra-arterial (Carotid Artery) Mean 


Diometer Of Choroido! Arteries 
° 


MINUTES AFTER INJECTION 
10 wg./kg. 
Fig. 4.—Comparison of the changes produced in the caliber of the choroidal arteries 


by intravenous and by intra-arterial injection of epinephrine. Vertical arrow indicates time 
of intravascular injection. 


In addition, blanching of the entire field appeared, indicating transient reduction 
in blood flow in the underlying choriocapillaris. The blood flow increased about 
a minute after the injection of epinephrine. The blood pressure underwent a 
maximal increase of 65 mm. of mercury systolic at about 30 seconds, with return 
to the control value within 2 minutes. 

Nicotinic acid was administered in doses of 1 mg. per kilogram of body weight 
to 10 rabbits. Choroidal arteries ranging in caliber from 36 to 100u were 
observed continuously for the regular period of 30 minutes, but no change in 
their diameter could be detected. In one animal nicotinic acid doses of 25 and 
50 mg. per kilogram given intravenously failed to produce any detectable change. 

Histamine diphosphate in doses of 907 per kilogram of body weight was 
administered intravenously to eight rabbits, with repetition in two. Choroidal 
arteries ranging in diameter from 36y to 100% were observed. No detectable 
changes occurred in the caliber of the vessels measured, In one case, a dose of 
675y per kilogram was used (seven and a half times the usual amount). Death 
occurred at the end of four minutes, but detectable changes in caliber of the 
vessels did not occur during continuous observations prior to death. 

:rgotoxine was administered intravenously in doses of 165y per kilogram 
of body weight to nine rabbits. Choroidal arteries ranging in diameter from 
36 to 100% were observed. No change in caliber of the choroidal arteries was 
noted. One animal received 0.5 mg. of ergotoxine per kilogram, which repre- 
sented three times the usual amount, but no changes in the choroidal arteries 
could be detected, 

These various effects are summarized in the accompanying Table. 

Effect of Drugs Given Intra-Arterially.—\n order to obtain a more concen- 
trated solution and a direct action on the choroidal arteries, the afore-mentioned 
five drugs, previously warmed in a water bath to 37 C, were administered 
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Effect of Intravenous and Intra-Arterial Administration of Various Drugs on Choroidal 
Vessels of the Rabbit 


| 
Intravenous Injection | Intracarotid Injection 
i 


| 
} Effect on 
Drug Av. |Animals, | Observations, Choroidal Animals, 
Dose /per | No. No. Arteries No, 
Kg. | 


Effect on 
Observations, Choroidal 
No. Arteries 


| 


Sodium nitrite | 2 mg No change | | | No change 


Epinephrine | 10 Vasoconstriction | 


Vasoconstriction 
Nicotinic acid | 1 mg. No change No change 
diphosphate 00 No change | No change 
Ergotoxine co No change | No change 


Fig. 5.—Upper panel shows choroidal arteries prior to intra-arterial injection of epine- 
phrine. The vessels marked A and B each measure 45, in width. Lower panel shows the 
same field one minute after intra-arterial injection of epinephrine. Note vasoconstriction 
of the choroidal arteries. Vessel A is reduced from 45y to 25y, and vessel B is reduced 
from to 30u; « 40 
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through a cannula inserted into the common carotid artery on the side of the eye 
being observed. 

Sodium nitrite in doses of 2 mg. per kilogram of body weight was thus 
administered to five rabbits. The vessels observed ranged in diameter from 50y 
to 87. No effect on the caliber of the choroidal arteries was detected. 

Epinephrine in doses ranging from 6y to 20y per kilogram of body weight, 
with an average dose of 10y, was administered intra-arterially 11 times to six 
rabbits. Choroidal arteries ranging in diameter from 36p to 87», with an average 
of 59, were observed. Within the first 30 seconds, pronounced vasoconstriction 
occurred (Fig. 5). The maximal changes in the caliber of the choroidal arteries 
occurred at 30 seconds, the average caliber being reduced to 33y; this represents 
a net change of 44%. This degree of vasoconstriction was still present at the 
end of one minute. The caliber gradually returned to preinjection values in three 
minutes and remained there until the end of the observation period (Fig. 4). 
Intra-arterial injection of epinephrine produced blanching of the entire choroidal 
background, indicating severe reduction in blood flow in the choriocapillaris. 
One minute after intra-arterial injection there appeared an increase in the rapidity 
of the flow through the choroidal vessels. A maximal increase in blood pressure 
of 90 mm. of mercury occurred at 50 seconds, with full recovery about 2 minutes 
after injection. 

Nicotinic acid was administered intra-arterially in doses of 1 mg. per kilo- 
gram of body weight to four animals. The choroidal vessels observed ranged in 
diameter from 50 to 76n. No changes in caliber of the choroidal arteries were 
detected. 

Histamine diphosphate in doses of 90y per kilogram of body weight was 
administered intra-arterially to four rabbits. The control caliber of the choroidal 
arteries ranged from 50 to 100%. No changes in caliber of the choroidal arteries 
were detected. 

Ergotoxine was administered intra-arterially in doses of 165y per kilogram of 
body weight to four rabbits, with repetition in one. The caliber of the choroidal 
arteries observed ranged from 36 to 100u. No changes in caliber were detected. 

These effects are also summarized in the Table. 


Review of the Pertinent Literature 


Bothman and Cohen,§ in 1927, and Matteuci,’* in 1946, reported on observa- 
tions of the choroidal vessels by funduscopic examination with the Gullstrand 
ophthalmoscope. Zwiauer and Bornschein,|| in 1949, viewed the fundi of albino 
rabbits through a contact lens with a Zeiss microscope in which an ocular scale 
was inserted. They noted that instillation of epinephrine produced pallor of the 
fundus and caused dyes that previously had been injected intravenously to remain 
longer than normally in the choroidal vessels. However, they were unable to detect 
any changes in caliber in the choroidal vessels but did observe changes in caliber 
of the retinal vessels induced by use of epinephrine, vasopressin, amyl nitrite, and 
glyceryl trinitrate (nitroglycerin ). 

The external approach to the study of choroidal circulation was first introduced 
by Leopold,’ in 1951, who inserted scleral windows in albino rabbits that per- 
mitted a direct view. A Barkan light directed through the pupil transilluminated 
the choroidal vessels. By this external approach, the view of the vessels was 
~""§ References 10 and 11. 

|| References 13 and 14. 
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independent of any changes in the pupil that occur so frequently with the various 
drugs and nervous stimuli used and that make ophthalmoscopy difficult. At that 
time, he observed no effects with a large variety of drugs instilled topically, 
intravitreously, and intravenously. In a recent motion picture and in personal 
communications to us, Leopold { stated that epinephrine given topically, intra- 
vitreously, and intravenously produced vasoconstriction of the long and short 
posterior ciliary arteries. 

Ashton * referred to Cook’s work on scleral windows in viewing the choroidal 
vessels in living rabbits and published a photomicrograph, but so far no report 
of this work has appeared in the literature. 

Vilstrup,# in 1952, injected a polyester of resin into both carotid arteries 
simultaneously in living rabbits. This solidified in 30 seconds, forming a cast 
of the choroidal vessels and resulting in death of the animal. Using this tech- 
nique, she was able to compare the effects of epinephrine, pilocarpine, and hista- 
mine instilled locally in one of the eyes with the condition of the untreated eye. 
After enucleating both eyes and comparing the plastic-filled choroidal vessels 
under the microscope, she found no changes in caliber of the vessels in eyes 
treated with epinephrine and pilocarpine. Local use of histamine, however, 
caused pronounced dilatation of the capillaries and arterioles of the choroid, 

The ability of the sclera to become transparent has been known for some 
time, but little has been written about it. As early as 1875, Leber * noted trans- 
parency of the sclera occurring in persons who were dehydrated as the result of 
cholera. Fischer '* sought to investigate the red patches in the sclera that had 
been observed incidentally by Kahn '* while doing spectroscopic studies through 
the fundi of proptosed eyes of rabbits. Fischer found these red patches to be 
choroid shining through the sclera, In an extensive biochemical analysis of the 
sclera, he demonstrated that the transparency of the sclera necessary to observe 
the red spots could be explained by local dehydration. By evaporation or by use 
of hypertonic solutions of such substances as citrate or sugar, he was able to 
dehydrate the sclera through the intact conjunctiva until it became transparent. 
This transparency was a reversible phenomenon that was affected by hydration 
or by loss of water. 

Greaves and Perkins,’ in 1952, noted this same phenomenon while carrying 
on studies on the aqueous veins of rabbits. After removal of the conjunctiva, 
a stream of warm air was directed on the bared sclera until dehydration occurred. 
Using the microscope of the Haag-Streit slit lamp, with a droplet of oil on the 
sclera, they studied the choroidal vessels directly with a beam of light shining 
through the pupil and found that an excellent view of the choroid could be ob- 
tained. They noted lightening of the color of the background when epinephrine 
was given intravenously and also with sympathetic stimulation; they stated that 
this change presumably was caused by constriction of the choroidal capillaries. 
Perkins,* in 1954, reported on the vasomotor innervation of choroidal vessels 
observed through dehydrated sclera by this same technique and similarly con- 
cluded that sympathetic stimulation produced vasoconstriction. 


Comment 
The external technique that we used for observation of the choroidal circula- 


{ Reference 15; Leopold, I. H.: Personal communication to the authors, 
# References 7 and 16. 
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tion was similar in many respects to that of Greaves and Perkins,? in which the 
opaque sclera is rendered transparent by dehydration. This technique in albino 
rabbits permits the selection of isolated arterial branches of the choroidal vessels 
that can be observed continuously through a binocular microscope containing an 
ocular scale. It also permits the taking of rapid serial photomicrographs to 
substantiate the findings. . 

The rapid and transient measurable vasoconstriction of the choroidal arteries 
that we noted after intravenous administration of epinephrine, together with the 
pronounced blanching of the background indicating reduction in the blood flow 
in the choriocapillaris, is in accordance with the afore-mentioned findings of 
others. These include the observations of Bothman and Cohen,+ the pallor of 
the fundus and delayed disappearance of dye noted by Zwiauer and Bornschein,"™ 
the vasoconstriction of the long and short posterior ciliary arteries noted by 
Leopold,t and the lightening of the background noted by Greaves and Perkins,’ 
all of which changes were noted after intravenous injection of epinephrine. 

Search of the literature disclosed no studies on the caliber of choroidal vessels 
after intracarotid injection of drugs. As already noted, intra-arterial (carotid) 
studies, while not of much practical importance, permit a higher concentration 
of the drug and a more direct action on the choroidal vessels. 

The degree to which the drugs used in our study influenced the underlying 
capillary bed could not be directly determined, as the choriocapillaris is not acees- 
sible to direct observation and measurement. As noted with epinephrine, changes 
in the choriocapillaris could be only inferred by blanching of the color of the 
background. 

The choroidal vascular effects of intravenously injected epinephrine reached 
their peak in one minute and lasted for about three minutes, with a net change of 
22%. Epinephrine given intra-arterially reached its peak effect earlier, within 
30 seconds, and lasted about 3 minutes, with a net change of 44%. It would 
appear from our studies that epinephrine given intra-arterially (carotid artery) 
exerts a stronger as well as an earlier vasoconstrictive effect on the choroidal 
arteries than does epinephrine given intravenously. 


Summary 


Dehydration and consequent transparency of the sclera were induced in the 
eyes of albino rabbits by retracting the lids and incising and retracting the con- 
junctiva. This led to visibility of the underlying choroidal vessels. By means of a 
binocular microscope containing an ocular scale, a choroidal artery was identified 
by a small ink mark on the overlying sclera. This easily reproducible method of 
external examination of the choroidal circulation was utilized in observing and 
recording with serial photomicrographs any changes in caliber of the choroidal 
arteries produced by administration of vasoconstrictor and vasodilator drugs. 

Epinephrine given intravenously produced measurable constriction of the 
choroidal arteries and blanching of the choriocapillaris. Epinephrine injected 
directly into the carotid artery on the same side produced similar effects, which 
occurred earlier and were more pronounced than were those following intra- 
venous injection, Administration of nicotinic acid, sodium nitrite, histamine 
diphosphate, and ergotoxine, both intravenously and intra-arterially, even in high 
concentrations produced no detectable changes in caliber of the choroidal arteries. 


t References 10 and 11. 
t Reference 15; Leopold, I. H.: Personal communication to the authors. 
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Evilution of the AO HRR 
Toles 


A Test for Detecting, Classifying, and Estimating the Degree of 
Defective Color Vision 
GERTRUDE RAND, Ph.D. 
and 
M. CATHERINE RITTLER, A.B. 
New York 


The AO H-R-R (Hardy-Rand-Rittler) Pseudoisochromatic Plates! present 
for general use a comprehensive, inexpensive, and rapid test of color vision suit- 
able for office, school, and clinic—a test which should be of considerable practical 
value. The principles underlying the test and its unique features have been de- 
scribed in previous papers published in the Arcuives? under the title “The 
H-R-R Polychromatic Plates.” The present paper is a brief report on our evalua- 
tion of the H-R-R Plates as made commercially available by the American 
Optical Company. The report will deal only with the test as a device for analyz- 
ing red-green vision, since the number of subjects who have made errors in the 
blue-yellow series of plates is too small to warrant conclusions as to the value of 
the plates of this series. 

In the previous paper an evaluation was given of the H-R-R Polychromatic 
Plates (hereafter to be referred to as the Prototype H-R-R) as a device for 
detecting, classifying, and estimating the degree of defective red-green vision. 
The Prototype H-R-R did not, however, have general application, as it had been 
produced in a limited edition and copies were available only to its authors and a 
few cooperating laboratories and testing stations. However, the survey made by 
us, comparing the results of this test with those obtained from a battery of other 
color-vision tests on a group of 630 normal and 150 red-green defective subjects, 
strengthened our original conviction that a series of plates of this kind would 
meet a practical need. For example, the survey showed us that it was possible 
with the Prototype H-R-R to determine quickly not only the presence of a red- 
green anomaly and its type but also the degree of the defect. The latter diag- 
nosis has value, since those whose color defect is mild were found to be capable 
of making the color judgments required in certain situations and vocations.:+ Ar- 
rangements were made, therefore, with the American Optical Company to pro- 
duce an edition of the test, to be called the AO H-R-R, which would be available 
for general use. 

The H-R-R test employs symbols in pairs which, for the typical types of de- 
fect (e. g., protan, deutan), are pseudoisochromatic with their neutral background. 
In successive plates these symbols are presented in graded steps of chroma. In 
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this way the test is designed not only to indicate the degree of the anomaly but 
also its type at any level of defect. The new edition was planned to incorporate 
improvements in the design and arrangement of the symbols and their back- 
ground and to eliminate certain contour clues that occasionally interfered with 
clear-cut diagnosis in the Prototype H-R-R. 

It was agreed with the American Optical Company that on completion of the 
new printed edition it was to be evaluated by the authors of the test to ensure 
that the colors and values as reproduced were properly adjusted and that color 
vision ratings obtained with the AO H-R-R compared favorably with those ob- 
tained with the Prototype H-R-R. This evaluation has been conducted as planned 
by the three authors of the test.* The results obtained have led to our approval 
of the new edition. It has also been approved by the Subcommittee on Color 
Blindness Studies of the Inter-Society Color Council. The test has been avail- 
able for distribution since April, 1955. 


Evaluation of the AO H-R-R 


As was done with the Prototype H-R-R, the evaluation of the AO H-R-R 
covered the three aspects of the test: as a screening device to separate those 
with defective red-green vision from those with normal color vision and as a de- 
vice to classify the type of defect (qualitative diagnosis) and to indicate the 
extent of defect (quantitative diagnosis). 


The AO H-R-R Test as a Screening Device 


On this aspect of the test we present the results of a survey made of the 
population of a small private school for boys. All school grades were included 
in the survey, and almost the entire school membership was tested. The number 
given the test was 154. The range in age was from 12 to 18 years. As was 
done with the Prototype H-R-R, we in general accepted the Revised Selection 
of AO Pseudoisochromatic Plates, approved by the ISCC Subcommittee on Color 
Blindness, as providing an adequate device for screening those with defective 
red-green vision from those with normal color vision, This selection of 18 
plates had already been studied by us in conjunction with a large battery of color 
tests,> and when administered in accordance with the instructions it provides an 
acceptable separation of the two groups with the following interpretation of error 
score: Incorrect response to four or fewer plates indicates normal red-green 
vision; incorrect response to five or more plates indicates defective red-green 
vision. However, in the few cases where three or four plates were failed, the 
precaution was taken to administer an additional screening test of the pseudoiso- 
chromatic type: either the Ishihara (fifth edition), allowing incorrect response 
to three or fewer plates to indicate normal red-green vision,‘ or the Bostrém- 
Kugelberg, allowing incorrect response to two or fewer plates. On the basis of 
these criteria, 143 boys had normal color vision and 11, or 7.14%, had defective 
red-green vision. 

While the percentage of color-defective subjects screened out in this small 
sample is somewhat lower than is obtained with the AO Revised Selection in 
larger samples, it falls within the variations found in groups previously tested 
by us in secondary and vocational schools in New York City. Out of a total 
number of 1105 such school boys, the percentage classed as color-defective by 


* The senior author of the test, Dr. L. H. Hardy, died April 14, 1954. 
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this test equalled 7.69%. This, in our opinion, shows good agreement with the 
usual statement that about 8% of males in an unselected population have defec- 
tive red-green vision. In larger surveys than ours and using different criteria, 
Waller® (N=9049) found 8.01%; von Planta® (N=2000) found 7.95%; 
Schmidt (N=6863) found 7.75%; Nelson*® (N=1338) found 8.82%; Farns- 
worth, Sperling, and Kimble® (N=1440) found 9.79%, and Pickford” (N= 
2000) found 7.8%. More sensitive tests and criteria could of course be used which 
would throw some of the less sensitive normals (often called “low normals’) into 
the color-defective class, and thus the percentage to be called color-defective would 
be raised. It is our opinion that the AO Revised Selection is sufficiently sensitive to 
meet the current statistical criterion of color normality and color deficeincy and 
that it provides an adequate screening test for the detection of defective red-green 
vision. 

The AO H-R-R test was also administered to the 154 boys comprising the 
present sample, with the following results. 1. All subjects rated as having nor- 
mal color vision by the AO Revised Selection made no errors in reading the low 
chroma plates which form the screening series of the AO H-R-R when both 
test and retest were considered, as is allowed by the instructions. These sub- 
jects were therefore rated as having normal red-green vision by both tests. 2. 
The 11 subjects rated as having defective color vision by the AO Revised Selec- 
tion made some errors in the screening series of plates of the AO H-R-R test 
and were thus rated by the latter test also as color-defective.t Therefore, our 
results show that the AO H-R-R, as was the case with the Prototype H-R-R, 
screens subjects with defective red-green vision from those with normal color 
vision in almost complete agreement with the AO Revised Selection. 

Using other criteria, Sloan and Habel,’ in a recent publication, did not find 
as clear-cut a separation between normal and color-defective subjects with the 
AO H-R-R as we found. In this report they compared results obtained by three 
commercially available pseudoisochromatic tests with those of “an experimental 
test composed of 20 of the more highly diagnostic plates selected from four dif- 
ferent American and European tests.” No data are given as to what percentage 
of an unselected population fails this 20-plate test. Therefore, we do not 
know if their test would screen out a larger or a smaller segment of the popu- 
lation than that which is currently considered to have defective red-green vision. 
Among the 100 subjects classified as having normal color vision by Sloan and 
Habel, 2 failed one plate of the AO H-R-R test. This is a situation we have 
not encountered. Of the 44 subjects classified by them as color-deficient who 
were tested on the AO H-R-R, four made no errors. At least three of these 
cases, however, had passed one or more of the other pseudoisochromatic tests 
under study by Sloan and Habel and probably belong in the doubtful or border- 


line group where there is no generally accepted standard of differentiation. All 
who have tested large samples of the population are plagued by the occasional 
cases who fail some screening tests and pass others and who often do not retest 
reliably. At present it is a matter of individual interpretation which of these sub- 


+ Eleven color-defective subjects is of course too small a number from which to conclude 
that the two tests agree in rating as to color deficiency. However, in our larger group of 
97 color-defective subjects, to be discussed in the next section, this agreement was also found 
with but one exception. This one subject was rated by the AO H-R-R as normal and by 
the AO Revised Selection as color-defective (Tables 1 and 2). 
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jects are to be classed as borderline normal and which as borderline color-defec- 
tive. 

Aid in classifying such cases is sometimes sought from other performance 
tasks, but such tasks have for the most part not been studied as to individual 
differences and the range of performance given by those of all ages and intelli- 
gences who have normal color vision. In the task presented by the Farnsworth- 
Munsell 100-Hue test, for example, interest and attention as well as color vision 
play a role in the performance. While grouping of errors along certain color 
axes indicates anomalous color vision, a record showing scattered random errors, 
most of which are two-cap transpositions, is difficult if not impossible to interpret 
as indicative of color deficiency with our present knowledge of performance on 
this test. In any event, it may be said of these cases that the defect where pres- 
ent is of slight extent and would be apt to be a handicap to the subject only in 
specialized color work. Sloan and Habel seem to have had a high percentage 
of these mild or borderline cases in the group of 44 to which they administered 
the screening plates of the AO H-R-R test, at least as compared with our group 
of 97 color-defective subjects. That is, of our subjects only 5.2% failed one 
or fewer plates in the screening series while as many as 13.6% of their sub- 
jects failed one or fewer. Further, of our subjects only 21.6% failed two or 
fewer plates of the screening series while 34.1% of their subjects failed two or 
fewer. 

Sloan and Habel do not discuss the other two aspects of the AO H-R-R 
test except to say in a footnote, “The fact that this test also gives information 
as to the type and degree of defect makes it more generally useful than any 
other pseudoisochromatic test.” Our evaluation of the test in these two aspects 
is given in the following section. 


The AO H-R-R Test as a Device to Classify Type of Defect and to 
Estimate Degree of Defect 


The Prototype H-R-R has already been shown? to be highly reliable as a 
device to classify type of defective red-green vision as compared with other 
tests designed for this purpose, including the Nagel anomaloscope, and also 
as a device to estimate degree of defect as compared with available tests of dif- 
ferent degrees of difficulty. Therefore, our purpose here is primarily to compare 
the qualitative and quantitative diagnoses given by the AO H-R-R and the 
Prototype H-R-R. 

These two tests were administered to a group of 97 subjects with defective 
red-green vision. About one-third of the group had previously been studied in 
our laboratory on a large battery of tests,f which included the Prototype H-R-R. 
To these only the AO H-R-R was given for comparison with their earlier rec- 
ords. The remaining subjects were new cases, for whom a shorter battery of 
tests was used. In about one-half of the new cases the battery consisted of the 
anomaloscope, the Farnsworth Dichotomous test (Panel D-15), the resistor color 
code test, and the following pseudoisochromatic tests: AO H-R-R, Prototype 
H-R-R, AO Revised Selection, and Ishihara (fifth edition). The remaining new 

t This battery of tests is described in Reference 2. It included the Prototype H-R-R, 
the AO Revised Selection, the Ishihara test (fifth edition), the Nage! anomaloscope (Model 
I), the Navy lantern (New London model), the color threshold teste: (School of Aviation 
Medicine model), the Farnsworth dichotomous test (Panel D-15), and other tests as indi- 
cated in the individual case 
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1.—Comparison of Diagnoses Obtained from the 
Two Editions of the H-R-R Test (AO and Prototype) 


AO H-R-R 
Defective 
Protot 
Normal Unclassified Deutan Protan H-R- 
Totals 
Unclassified | 8 | 1 10 
| 
j Deutan 4 | 51 55 
— 
Protan 
| 42 } 32 
AO H-R-R 
Total 
1 12 52 32 rl 


*This case, which is the one referred to on page 738, failed the AO Revised Selection and the Prototype H-R-R but 
passed the AO H-R-R. In their report Sloan and Habel refer to a second instance of disagreement between the two 
: versions of the H-R-R test. This second case is not considered here, because retest on the AO H-R-R classified the sub- 
ite ject as normal on this test as well as on the Prototype H-R-R and the AO Revised Selection. 


cases were given only the four pseudoisochromatic tests. All tests utilizing pig- 
ment stimuli were administered under the Easel Lamp, color temperature 6750 
degrees K. 

The results obtained on these 97 subjects are given in the Tables. Table 1 
shows for the AO H-R-R and the Prototype H-R-R the qualitative diagnosis 
of type of red-green anomaly (unclassified, protan, deutan), and Table 2 shows 
the quantitative diagnosis of the anomaly (mild, medium, strong). In both Tables 
the vertical columns show the ratings of the AO H-R-R and the horizontal 
rows show the ratings on the Prototype H-R-R. Numbers in boxes represent 
subjects rated in the same category by both editions of the test. 

In Table 1 can be seen the strong agreement between the qualitative diag- 
noses obtained by the two editions. There was no conflict between the classifi- 
cations as to deutan or protan type. The few subjects listed outside the boxes 


Taste 2.—Comparison of Quantitative Diagnoses Obtained from the 
Two Editions of the H-R-R Test (AO and Prototype) 


AO H-R-R 
Defective 
Protot 
Normal Mild Medium Strong | ane 
Mild 2 1 29 
| 
of 
Strong 7 32 | 39 
AO H-R-R 
1 7 44 36 


*See footnote to Table |. 
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all had a mild red-green anomaly either unclassified as to type or of the deutan 
type. Unclassified subjects, it will be remembered from earlier publications, are 
those who made errors only in the low chroma plates, which form the screen- 
ing series of the H-R-R test, but no errors in the succeeding plates, which form 
the diagnostic series. 

Table 2 gives the comparison of the quantitative diagnoses obtained from 
the two editions of the test. Again it will be seen that there is strong agreement 
between the classifications as to degree of defect by the two editions. Since 
within each of the series of plates for quantitative diagnosis there is some grada- 
tion in chroma, a feature which is necessary to insure qualitative diagnosis in all 
cases, we recognize that there must be gradations of defect within each of the 
three groups (mild, medium, strong) we have perhaps arbitrarily established. 
The few subjects listed outside the boxes in Table 2 are probably borderline be- 
tween mild and medium or medium and strong, as the case may be.§ 

In both Tables 1 and 2 the agreement shown between the two editions of the 
H-R-R test is of the same order as the test-retest reliability already shown for 
the Prototype H-R-R.? 

The classifications of type and extent of color anomaly listed in these Tables 
illustrate the twofold analysis of defective color vision that is a unique feature 
of the H-R-R Pseudoisochromatic Plates. Unlike pseudoisochromatic tests in 
prior usage, the H-R-R test goes beyond the mere separation of those with de- 
fective color vision from those with normal color vision. With the AO H-R-R 
Plates it should be possible to establish agreement between the qualitative and 
quantitative ratings yielded by the test and the color requirements of specific 
color tasks which involve the use of surface colors. Applications of the test to 
vocational selection and guidance would then have practical value, 


Summary 


The results of our evaluation of the AO H-R-R Pseudoisochromatic Plates 
may be stated briefly. This test agrees closely with the Prototype H-R-R test 
in its threefold purpose: (1) as a screening device to separate those with defec- 
tive red-green vision from those with normal color vision; (2) as a device for 
the qualitative diagnosis of type of red-green anomaly (protan, deutan), and 
(3) as a device for the quantitative diagnosis of the anomaly (mild, medium, 
strong). As a screening test its results agree well with those of the AO Revised 
Selection. It can, therefore, be expected to detect in an unselected population 
close to 8% of males who from a practical point of view have a red-green de- 
ficiency. 
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Sguint losis Surgery 


Definition and Review 


DEREK G. SIMPSON, M.B., Ch.B. (New Zealand), F.R.C.S. Eng. & Edin. 
Vancouver, B. C., Canada 


Marcus Gunn,! in 1883, published in the Transactions of the Ophthalmological 
Society of the United Kingdom, a case of “Congenital ptosis with peculiar asso- 
ciated movements of the affected lid.” Earlier summaries of case reports were made 
by Sinclair,? in 1895 (32 cases) and Villard,’ in 1925 (93 cases). Grant * reviewed 
the literature and published the 101st case in 1936. Falls, Kruse, and Cotterman ® 
published a good summary in the American Journal of Ophthalmology in 1949. 
They collected 115 published cases. Spaeth,® in 1947, found 2 cases in 100 con- 
secutive ptosis cases; to other authors this has appeared an unusually high 
incidence. Kanter,” in 1955, reports eight cases, of which six were typical. 

The Marcus Gunn phenomenon is often referred to as the jaw-winking phe- 
nomenon. This is inaccurate, because it is not a wink but a lid retraction. 


Clinical Picture 

The typical case is a unilateral congenital ptosis in which there is a retraction 
of the lid on opening the jaw; this startling associated movement is usually obvious 
in infancy during sucking. 

Some variations are reported: It is rarely bilateral (Marin Amat,*® 1930). It 
rarely develops in later life due to trauma or spontaneously (unexplained) 
(Menacho ®; Wilson; Lagrange"). It may disappear temporarily (Ascher 
Ingraham and Campbell? produced the phenomenon by stimulation of the right 
parietal cortex while operating on a patient with Jacksonian epilepsy. Some 
inherited cases are reported (Falls, Kruse and Cotterman®). Some cases are 
associated with other deformities in addition to ptosis, e. g., paralysis of superior 
rectus (Lutz '*), internal rectus or external ophthalmoplegia (Spaeth *), facial 
asymmetry (Alexander nystagmus (Soria '*), or see-saw movements of the 
lids *( Spaeth ®). The case to be reported had a palsy of the superior rectus and 
some facial asymmetry associated with a unilateral congenital ptosis. 

The stimulus to lid retraction has many variations reported: 

A. Jaw 


. Open (Kleinhans 17; Menacho *) 


. Deviate—to opposite side gives upshoot 
—to same side gives increase in ptosis (Parsons *; Cooper ') 
3. Protrusion (Falls, Kruse, and Cotterman °) 
. Closure (Rodger *°) 
5. Inspiration ( Brain **) 


“Received for publication May 24, 1956. 
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6. Combinations of the above jaw movements, especially 1 and 2 (Sin- 
clair?) or 1 and 4 (Spaeth *) 
. Eye 
1, Shutting sound eye (Fromaget and Brun **); Winkelman ** describes 
a case in which the lid was elevated not only on closing the sound eye 
but also on staring with considerable effort into a mirror from a short 
distance 


. Depression of eyes (pseudo Graefe movement); may occur during 
recovery of oculomotor palsy 
Elevation of eyes (Bielschowsky **) 


. Side-to-side movement of eyes (Bielschowsky **) 
In facial paralysis (with both eyes depressed) attempted lid closure 
may lead to lid retraction 

. Cyclic oculomotor spasm. 


Etiological Hypotheses 
A, Abnormal Nervous Connections.—This hypothesis is favored by most 
authors, though they differ in opinion as to the locations of the aberration: (1) 
cortical or subcortical connections (Bing**; Walsh?*; Lutz‘; Kanter’) ; 
(2) internuclear connections (Walsh **) or faulty distribution in the posterior 
longitudinal bundle (Spaeth *); (3) infranuclear—some fibers of the third nerve 


Fig. 1.—Appearance of patient 
before operations for ptosis. 
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Fig. 2.—One year after operations. Marcus Gunn phenomenon on jaw opening and jaw 
deviation, 


may arise from the fifth nucleus (Dereux *7; Marin Enciso **). More peripherally 
some fifth nerve fibers may reach the levator via the auriculo temporal nerve 
(Marin Amat,?* 1924). 

Confusion arises concerning the efferent path, because either striped or non- 
striped muscle is capable of lid elevation. Lewy, Groff, and Grant *®  pos- 
tulate a proprioceptive arc whose afferent part is the mandibular division of the 
fifth nerve and whose efferent path is the autonomic fibers (questionably) via 
the ophthalmic division of the fifth nerve. This hypothesis led to the section of 
the motor root of the fifth nerve in one case, with equivocal results. 

It seems strange that few cases of Marcus Gunn phenomenon are reported 
to be due to central nervous disorders, which might be expected to pervert con- 
nections occasionally. Ascher ' reports a case during recovery from a unilateral 
third nerve palsy. After intensive antisyphilitic treatment, a lid, which had been 
ptosed for months, elevated involuntarily during chewing. The phenomenon 
disappeared when the patient became capable of voluntary lid elevation. Similar 
associated movements (pseudo von Graefe) have been attributed to syphilis and 
to pontine tumors and trauma. 

B. Functional Interference.—Duke-Elder *' considers a physiological explana- 
tion more acceptable. Three neurophysiological principles can be considered 
(Wartenberg,** 1946): (1) irritation of normally dormant connections, (2) re- 
lease of inhibition (Ascher '*), (3) spread of impulses by irradiation. 
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Fig. 3.—One year after operations. Cardinal positions. 


C. Atavistic Reversion —Harman™ published this interesting theory in 1903. 
In fish there is a strong associated movement of jaw opening and eye opening— 
deep muscles contracting and superficial muscles relaxing. Thus a weak levator 
may only elevate the lid when the orbicularis is relaxed reflexly by jaw opening 
(deep muscle contraction). Supporting Evidence : 


1. The Marcus Gunn phenomenon stimulated by inspiration (as reported by 
Brain *') suggests the primative gill, mouth, and eye opening reflexes in fish. 


2. The corneomandibular reflex (jaw movement to opposite side when lid 
closure is stimulated by touching the cornea) is evidence of reflex connections 
between orbicularis and pterygoids (Wartenberg,** 1948). 

3. Opening the mouth helps to open the eyes—especially in children—e. g., 
when instilling eye drops (Beaumont,**). 

4. The reverse Marcus Gunn (reflex closure of lids on mastication during 
recovery from palsy of seventh nerve), or Marin Amat, syndrome. This is 
probably not a trigeminofacial movement but rather an interfacial movement 
(Wartenberg,™* 1948). 

This theory that the cause of the phenomenon is a release or irritation of an 
ancient phylogenetic reflex is supported by Ascher,'? 1925; Brain,?! 1933; Warten- 
berg,** 1948, among others—and appears the most likely theory to me. 


Report of a Case 
An attractive white woman aged 28, engaged in office work, requested an 
improvement in her appearance. A left ptosis had been present since birth 
associated with a down and out deviation of the left eye, whose vision had always 
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been defective. No jaw winking had been noticed in infancy or later. No other 
member of the family was affected. : 

On examination the left lid margin was approximately 4 mm. lower than 
that of the other side while the patient was looking ahead. The left lid elevated 
partly on upward gaze, and a lid fold was present. No Marcus Gunn phenome- 
non was noted. Left vision was fingers at 6 ft. There was some limitation 
of elevation in the left eye movements. The eye was divergent 15 degrees and 
depressed 15 degrees. Underaction of the superior rectus was marked, while the 
inferior rectus seemed overactive. No fusion was present. The left side of 
the face was smaller, and there was some asymmetry of the brow. Movie and 
still photographs did not reveal any jaw winking. 

Surgery was performed in three stages. First left resection of internal 
rectus and tenotomy of external. rectus, Second (three months later) resection 
of superior rectus and recession of inferior rectus. Third (two months later) 
shortening of levator tendon by Blaskowicz type of operation. Photographs taken 
between stages gave no hint of Marcus Gunn phenomenon. 

The cosmetic result of the squint and ptosis surgery is good, but an obvious 
lid retraction is seen when the jaw is opened quickly. Deviation of the jaw to 
the opposite side produces slight retraction. The movement is best concealed 
by bending the head down and looking up, thus placing the lid in an elevated 
position so that further retraction is minimal and concealed by the eyebrows. 


Comment 


The patient is proficient at concealing the lid movements. Surgical correction 
of the Marcus Gunn phenomenon in this case does not seem to be warranted. 
Grant suggested cutting the motor root of the fifth nerve. Spaeth ** advocates 
dissecting the entire levator from the tarsal plate and superior cul-de-sac, thus 
creating a complete paralytic ptosis. This paralytic ptosis is then corrected by 
use of the orbicularis and occipitofrontalis muscles. 

With the etiological hypotheses in mind, the ptosis operation could not have 
caused abnormal nervous connections nor functional interference with reflexes 
nor the release of an atavistic reflex. The shortening of the levator tendon may 
make lid elevation slightly easier, but the lid retraction of the phenomenon is very 
vigorous. This makes it hard to believe that the levator could not have raised 
the lid when the lid was in a state of ptosis, 

If the phenomenon was latent before the ptosis surgery, it was very well 
masked, because (1) there was no history of the phenomenon in infancy, (2) it 
was not seen by the orthoptist, (3) it was not noted by the surgeon, (4) it was not 
shown in numerous preoperative photographs or movies (especially as the 
pterygoid muscles were employed forcibly when the jaw was opened against 
the resistance of a chin rest during the movie). 


Summary 


A review of the literature on the Marcus Gunn phenomenon is presented, 
including a discussion of variations in the phenomenon and a summary of the 
various jaw stimuli causing the phenomenon. Other stimuli which may be 
effective in causing lid retraction are mentioned. 

An examination of the etiological hypotheses is presented in an attempt to 
explain the reported case. 
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The case is presented of a young woman, with no history of jaw winking 
either in her family or herself as an infant, with a left complicated squint and 
left ptosis. Surgical correction was performed in three stages: first, horizontal 
recti; second, vertical recti; third, ptosis surgery. Photographs before and after 
each stage as well as adequate preoperative and orthoptic examinations failed to 
reveal any hint of the jaw-winking phenomenon until after ptosis surgery. 

Medical Dental Bldg. (1). 
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A nother Study of Streptococcus 


7 in Vongranulomatous Uveitis 


ALAN C, WOODS, M.D. 
Baltimore 


In 1953 a report ' was made on the diagnostic and therapeutic use of Strepto- 
coccus vaccines in nongranulomatous uveitis. In this paper the cutaneous reac- 
tions to the vaccines shown by 101 patients with nongranulomatous uveitis were 
compared with those observed in 107 patients with the granulomatous form of 
the disease. The incidence of foci of infection and the evidences of systemic 
granulomatous disease in the two groups were also determined. In addition, 
the results of desensitization therapy in 36 patients were reported. The important 
conclusions drawn from this study were as follows: 

1. Patients with nongranulomatous uveitis show a high incidence of bacterial 
hypersensitivity (899%) as compared with patients with granulomatous 
uveitis (20%). 

. With occasional exceptions, this hypersensitivity was to one or more strains 
of streptococci, Subgroups A of the £-streptococci and the alpha group 
being the most important. 

. The intravenous administration of a specific Streptococcus vaccine in 36 
patients with nongranulomatous uveitis gave a successful result in approxi- 
mately 80% of such patients. This successful result was manifested by 
apparent desensitization of the hypersensitive patient and a remission of 
further attacks of ocular inflammation during the period thé desensitized 
status was maintained. 

Since the publication of this paper, 175 additional cases of uveitis have been 
tested for bacterial hypersensitivity and information is now available on the 
results of specific desensitization therapy in 50 additional cases. The purpose of 
this communication is to report the results of these diagnostic and therapeutic 
procedures in these patients. 


Material Studied and Diagnostic Technique 


Practically all of the patients here reported had been referred to the Wilmer 
Institute for study to determine, if possible, the cause of the uveitis. Ninety- 
seven of them had nongranulomatous uveitis, and seventy-eight had the granu- 
lomatous form of the disease. At the first ophthalmological examination the dif- 
ferential diagnosis between these two forms of uveitis was made in all the patients 
here included. Five patients in whom a differential diagnosis could not be defi- 
nitely made are not included in this report. After the ophthalmological examina- 


Received for publication May 31, 1956. 

From the Wilmer Ophthalmological Institute of the Johns Hopkins Hospital and University. 

This investigation was supported in part by a grant-in-aid from the National Institute of 
Neurological Diseases and Blindness. 


749 


A. M. A, ARCHIVES OF OPHTHALMOLOGY 


tion the patients were all surveyed medically according to the regimen outlined 
elsewhere.? In addition to this medical survey, each patient was tested intra- 
cutaneously with a battery of stock Streptococcus vaccines. This consisted of 10 
immunologically distinct alpha strains, all 42 of Subgroup A of the beta strains 
(Lancefield classification), 4 strains of Subgroup B, 1 strain each of the C and F 
subgroups, | strain of the y-streptococci, and 1 strain of a Gonococcus, If 
any focus of infection was found in the teeth, nasopharynx, sinuses, 
tonsils, or genitourinary tract of patients with nongranulomatous uveitis, the 
bacterial flora of such a focus was determined by culturing the focus on broth 
and on blood agar plates. If any Streptococcus or Pseudomonas organisms were 
found, vaccines were prepared from them and the patient was tested with these 
for cutaneous hypersensitivity to his own autogenous organisms. 


Results 
A. The Diagnostic Use of Bacterial Vaccines 


The results of the over-all studies for bacterial hypersensitivity in these 175 
patients are shown in Table 1. There was an undue bacterial hypersensitivity in 


Taste 1.—Bacterial Sensitivity in Uveitis 


| 
Cases Hypersensitive Cases Insensitive, 
No Bacterial Sensitivity 
Type of Uveitis 


Nongranulomatous 


Oranulomatous 


82% of the patients with nongranulomatous uveitis, in contrast to a 37% inci- 
dence of such sensitivity in the granulomatous group of patients. 

In the nongranulomatous group there were 79 positive reactors to these vac- 
cines. Sixty-two patients reacted only to strains of Subgroup A of the beta 
strains, while five patients reacted both to the Subgroup A strains and also to one 
or more alpha strains. Eight patients reacted both to stock streptococcal vaccines 
and to vaccines prepared from organisms recovered from their own foci of infec- 
tion—-seven to a-streptococci and one to an autogenous Pseudomonas organism. 
Three patients who did not react to any of the stock strains reacted to a-strepto- 
cocei recovered from their own foci of infection, and one patient, to a Pseudo- 


Taste 2.—Bacterial Sensitivity in Uveitis 


Specific Streptococcus Sensitivity Total Positive 
} Reactions 


Type of Uveitis | Stock A | 
Vaccines and Stock | Only 
Only | 


Nongranulomatous 


Granulomatous 
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Taste 3.—Bacterial Hypersensitivity in Uveitis 
(Studies | and II Combined) 


Type of Uveitis | Pattonts, f Autogenous 
No. | Strept Aut t 


rey Reactions Reactions 
Vaccines Only 

| 
‘| No. % } No. % 
15 


Nongranulomatous 169 


} 
| 
| 


| 
| 
| 


| 


monas organism. Thus there were 67 patients who reacted to stock vaccines only, 8 
who reacted both to stock vaccines and to autogenous organisms, and 4 who re- 
acted to autogenous organisms only. Of the 67 patients who reacted to stock 
vaccines, 5 were nonreactive to vaccines prepared from organisms isolated from 
their own foci of infection. There were 18 patients with nongranulomatous uvei- 
tis who did not react to any of the stock vaccines. These results are shown in 
Table 2. 

When these results are combined with those reported in the previous com- 
munication, the over-all picture is an incidence of bacterial hypersensitivity 
patients with nongranulomatous uveitis of 85% and in patients with granuloma- 
tous uveitis of 27%. Especially interesting is the finding that in the 169 reactors 
in the nongranulomatous group there were 10 persons who reacted to autogenous 
organisms recovered from their own foci of infection and did not react to any of 
the stock strains. It is also notable that when these patients were treated with 
vaccines prepared from the autogenous organisms they did well and showed a 
gratifying result of the treatment. The patients would have been classed as non- 
reactors and treatment would not have been instituted had reliance been placed 
entirely on the stock vaccines. 

These reacting patients in the nongranulomatous group showed a tendency to 
multiple reactions to the various strains of Subgroup A of the f-streptococci. 
Thus 25 patients reacted to from 1 to 4 strains, 26 reacted to from 5 to 10 strains, 
11 reacted to from 10 to 20 strains, and 5 reacted to over 20 strains. This same 
multiple reactivity was also found in the first series previously reported. When 
these two series are combined, 114 of the 156 patients who gave positive reactions 
to Subgroup A strains showed reactions to five or more strains. There were 
similar multiple reactions in the hypersensitive patients with granulomatous uveitis. 
This strongly suggests some common factor in the antigenic mosaic of these strains. 


Tape 4.—Distribution of Reactions to Subgroup A of the Beta Strains 
(Studies I and Il Combined) 


Reactions to Reactions to 
1-4 Strains 5-0 Strains All Strains 


Nongranulomatous 


Granulomatous 


| | Specific Bacterial Hypersensitivity 
Other Positive Negative : 

| | Vaccines | Strains 

Reactions 

18 8 0 
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These histories were also analyzed to determine the incidence of foci of infec- 
tion and evidences of systemic disease in the two groups of uveitis. In the group 
of patients with nongranulomatous disease 45 (46%) showed evidences of active 
foci of infection and 16 (15%) had evidences of systemic granulomatous dis- 
ease. In the group of patients with granulomatous uveitis 24 (31%) had foci 
of infection, while 55 (71%) had evidences of systemic granulomatous disease. 
When these figures are combined with similar figures from the first study, there 
are 187 patients in the nongranulomatous group, of whom 54% showed active 
foci of infection. In the granulomatous uveitis group the over-all incidence of 
foci of infection was 30%. In the patients with nongranulomatous uveitis the 
incidence of evidence of systemic granulomatous disease was 22%, while in the 
patients with granulomatous uveitis it was 74%. These figures are shown in 
Table 5. 

While the incidence of foci of infection in the patients with nongranuloma- 
tous uveitis is almost double that found in the patients with granulomatous uvei- 
tis, it is doubtful if this is of significance. However, it is interesting that, when 
47 patients in both series were tested with organisms isolated from their own foci 
of infection, 29 (62%) were hypersensitive to them, and in the patients specifi- 
cally desensitized with autogenous vaccines this hypersensitivity appeared related 
to the uveitis. The greatly increased incidence of systemic granulomatous disease 
in patients with granulomatous uveitis is of course to be expected. 


Tasie 5.—Evidence of Foci of Infection and of Granulomatous Disease (Including 
Toxoplasmosis) in Granulomatous and Nongranulomatous Uveitis 


Active Foci of | Evidence of 
Infection Present 


} No, % No. 


Type of Uveitis 


B. The Therapeutic Use of Bacterial Vaccines 


Streptococcus vaccines were prepared for 70 of the 79 patients with non- 
granulomatous uveitis in this series in whom a specific sensitivity to individual 
strains of streptococci had been demonstrated. These vaccines were composed of 
equal parts of the strains to which the patient showed the greatest sensitivity. 
When the patient showed reactions to autogenous strains recovered from his own 
focus of infection, this strain was likewise included in the therapeutic vaccine. As 
a rule, each vaccine contained from two to six strains. The vaccines were pre- 
pared and administered as outlined in the previous report. Three standard con- 
centrations were prepared: No. 1 was a T-50 concentration of the organism as 
determined on the electrospectrophotometer. No. 2 was a 1:10 dilution of No. 
1, and No. 3 was a 1:10 dilution of No. 2. The injections were given intraven- 
ously every four days. The usual initial dose was 0.1 cc. of No. 3. If the patient 
showed a reaction to this dose, still weaker dilutions, No. 4 (a 1:10 dilution of 
No. 3) or No. 5 (a 1:10 dilution of No. 4), were prepared. The essential point 
in treatment was to keep the dose below the patient's point of reactivity and to 
avoid both systemic and focal reactions. If there were no reactions to the first 
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dose, it was gradually increased (0.1 cc. at each injection) as the antibody appe- 
tite of tissues gradually became satisfied. The dose of 0.5 cc. of the No. 1 dilu- 
tion was considered the maintenance dose. When this point was reached, it was 
continued for six months at weekly intervals. 


Twenty of the seventy patients for whom vaccines have been prepared have 
either been lost or have been treated for such a short time that the results of the 
therapy cannot be evaluated. There remain 50 patients in whom there is reason- 
ably reliable information, obtained either by reexamination of the patient or by 
report from the referring physician. Twenty-seven of these patients can be 
classed as successes. The attacks of uveitis have ceased, and there have been no 
recurrences as long as the desensitized status has been maintained. Thirteen pa- 
tients can reasonably be classed as “improved.” These patients were never com- 
pletely desensitized. However, after prolonged treatment (one year or more) the 
interval between the attacks has lengthened beyond any previous remissions the 
patient may have enjoyed and the intensity of any attacks has been greatly less- 
ened. Nineteen patients are classed as “failures.” Sixteen of these patients have 
completed their course of desensitization, but they continue to have attacks of 
iritis of the same intensity and at the same intervals as before treatment. In 
these 16 patients the hypersensitivity demonstrated by the diagnostic tests was 
probably not related to the etiology of the uveitis. Three other patients discon- 
tinued treatment in the early stages because of transient, but sharp, focal reac- 
tions in the eye coming on 24 to 36 hours after the injections of the vaccine. 
These reactions did no harm, but they persisted even though the dose of the vac- 
cine was reduced. Although the occurrence of these focal reactions supported the 
cause-and-effect relationship between the hypersensitivity and the uveitis, never- 
theless, since the patients could not take the treatment, they are classed as failures. 
These results, as well as those reported in the previous paper, are summarized in 
Table 6. In a total of 86 patients who have been treated, the results of therapy 
have been successful in 54, or 63%. Thirteen others (15%) are definitely im- 
proved, while in nineteen (22%) the treatment has been a failure. 


TasLe 6.—Results of Desensitization with Specific Streptococcus Vaccines 


Period of 
Cases, Post-Treatment Successes Improved Failures 
No. Observation 


3-12 yr. 


6 mo.-3 yr 


13 
(63%) (15%) 


*Three patients abandoned treatment because of focal attacks after small doses of vaccines. 
tIn 10 cases recurrences after cessation of treatment were synchronous with return of sensitivity. 


In 10 of the patients classed as successes there have been recurrences. At the 
completion of treatment they were free of all ocular inflammation and, when 
tested for hypersensitivity, were found to be completely desensitized. At periods 
ranging from three months to several years after cessation of treatment, there 
was a recurrence of the iritis. When the patients were retested with the diag- 
nostic vaccines it was found there had been a recurrence of the bacterial hyper- 
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sensitivity. This recurrence of sensitivity had either preceded the ocular reaction 
or was synchronous with it. When these patients were again treated they were 
once more desensitized, with an accompanying remission of the attacks. 


Comment 


The experiences of the last three years with the diagnostic and therapeutic 
use of Streptococcus vaccines in nongranulomatous uveitis confirm those previ- 
ously reported. There is a high incidence of streptococcal hypersensitivity in 
the disease, and desensitization therapy has, in the main, been successful. There 
are several pitfalls, however, which must be emphasized. 

Primarily, when a specific bacterial hypersensitivity has been demonstrated 
there is no way of stating definitely that it is etiologically related to the uveitis. 
It may only be the residuum of a previous streptococcal infection and be quite 
unrelated to the ocular inflammation. If there are focal reactions in the eye fol- 
lowing the therapeutic administration of the vaccine, this is excellent evidence of 
a cause-and-effect relationship. If there are repeated systemic reactions and no 
change in the eye, this may equally well be construed as evidence that the hyper- 
sensitivity and the ocular inflammation are unrelated. Probably the best evidence 
for a cause-and-effect relationship is the therapeutic result—a subsidence of all 
inflammation and cessation of the attacks synchronous with desensitization. 

Patients may react in different ways to the administration of the vaccine. 
Many take it without reactions, achieve the desensitized status in from six to nine 
months, and thereafter remain desensitized and free of attacks. In other patients 
the hypersensitivity returns after cessation of treatment, and with it there is often 
an ocular relapse. These patients require maintenance doses to prevent those re- 
currences, There are two patients who appear almost wedded to the vaccine. They 
stay free of attacks as long as they keep up the injections, but they have recur- 
rences a few months after stopping treatment. 

The over-all figure of 78% either successes or improved is even more im- 
pressive when one considers the class of patients treated. These were all patients 
who had suffered recurrent attacks and usually had badly damaged eyes. While 
treatment with the corticosteroids might help somewhat, it could not in itself con- 
trol the inflammation. In these bad cases with a gloomy prognosis, this desensiti- 
zation therapy appeared to offer the only real hope of centrolling and preventing 
the ocular disease. It is somewhat heroic treatment, trying to both the patient 
and the doctor. Properly given, it appears free of danger—at least no severe or 
alarming untoward reactions have as yet been observed. It is certainly not to be 
recommended for the light case where the attacks may be years apart and which 
can be controlled by the adrenal corticosteroids, It should be reserved for severe 
cases, for patients in whom the attacks are either frequently repeated or in whom 
the inflammation is chronic. In these patients, when the attacks of nongranu- 
lomatous uveitis actually threaten vision and the functional integrity of the eye, 
especially if the inflammation does not respond to conventional steroid therapy, 
specific desensitization offers a reasonable and probably the only chance of con- 
trolling and preventing the recurrent attacks. 


Conclusions 


1. There is a high incidence of hypersensitivity to various strains of strep- 
tococci in patients with nongranulomatous uveitis. 
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2. This hypersensitivity may be either to stock strains of immunologically 
distinct streptococci or to streptococci isolated from a focus of infection in the 
patient. 


3. Desensitization of the hypersensitive patient with the specific organism to 
which the hypersensitivity has been demonstrated has given a successful result 
in a large percentage of patients thus treated. 
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Its Physiologic Significance 
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Calcutta, India 

The total ascorbic acid concentration in aqueous comprising two components, 
the reduced form as /-ascorbic acid, and the oxidised product, as dehydro /-ascor- 
bie acid,® although very variable, is very much higher than in blood plasma. In 
various animals, including man, the concentration ratio approximates 6-8:1.* 
Moreover, recently, it has been found that the concentration of ascorbic acid in 
the aqueous humor varies approximately as the concentration in the serum, re- 
gardless of whether or not the lens is cataractous, the subjects of this investi- 
gation being normal patients, aphakic patients, and patients whose lenses were 
sufficiently opaque to warrant extraction.’ The present paper deals with a com- 
parative study of total ascorbic acid in aqueous and serum of Indian patients of 
three categories: (a) with normal lens, (>) with different types of cataract, 
(c) with lenses extracted previously. 


Selection of Patients 
The selected subjects were first subjected to a thorough examination with a 
Zeiss-Opton slit lamp with dilated pupils to ascertain the condition of their lenses. 
The following types of patients were selected: 
Cases, No. 
(3) Aphakias with onset of phthisis bulbi 
due to postoperative endophthalmitis 


(1) Different Types of Cataract.—(a) Cupuliform Cataract (2 Cases): This 
type, also known as posterior saucer-shaped cataract of Vogt (1919),? showed 
lenticular opacities in the posterior layers of the cortex immediately underneath 
the capsule. There was associated lenticular sclerosis to a minor degree, but the 
rest of the lens fibers were clear. 

(b) Early Nuclear Cataract with Onset of Cupuliform Cataract (2 Cases): 
There was an increase in optical density of the nucleus to such an extent that 
vision was impaired. There was no opacity of the lens fibers except at the site 
of onset of the cupuliform cataract. 

(c) Mature Cuneiform Cataract (2 Cases): The lens was totally opaque and 
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white, but still the spoke-like arrangement of cortical opacities, characteristic of 
cunexiform cataract, could be identified. 

(d) Hypermature Cuneiform Cataract with Sclerotic Change (1 Case): The 
lens was totally opaque; the capsule was thickened, appeared yellowish, and 
showed deposits of calcium. The whole lens on intracapsular extraction was found 
to be shrunken and flat. 

(e) Fuchs’ Heterochromic Cyclitis* with Total Cataract (1 Case): The iris 
appeared depigmented, with the architecture of the trabeculae lost. There were 
no posterior synechia but plenty of fine nonpigmented keratic precipitates. The 
lens showed a total diffuse opacification. 

(2) Aphakia (2 Cases).—Only in both the cases, there was a very thin after 
cataract. In one the lens was removed one year ago and in the other one month 
ago. 

(3) Phthisis Bulbi (1 Case).-The lens was extracted two years ago, and 
endophthalmitis followed. The eye quieted but the tension became subnormal and 
light perception was lost. The cornea was clear, wthout any keratic precipitates, 
but it was smaller than normal. The anterior chamber was present, but the pupil 
was completely occluded by an exudative membrane. 

(4) Normal Lens (2 Cases).—The lens was clear in both cases. In one, 
optical iridectomy was done for a central corneal opacity. In the other, the eye 
was perfectly normal, the fellow eye being operated on for traumatic cataract. 


Method 


Following antibiotic treatment for 48 hours in the form of crystalline penicillin 
drops, 2500 units per cc. every 2 hours, and oxytetracycline (Terramycin) with 
polymyxin B ointment twice daily, in all the cases aqueous was collected under 
local drop anesthesia in the form of 4% cocaine hydrochloride, except in the case 
of a child, when a general anesthetic was used. With proper aseptic precautions, 
a No. 18 British-made hypodermic needle fitted to a dry tuberculin syringe, grad- 
uated in 1000th parts of a cubic centimeter, was pushed through the lower part of 
the cornea near the limbus, taking due care not to injure the lens. The aqueous 
was aspirated very slowly until the anterior chamber was almost completely 
abolished. The amount of fluid drawn was ascertained at once and was transferred 
to a round-bottomed centrifuge tube, 15 105 mm., the thickness of the wall being 
0.5 mm. The amount of aqueous collected varied in different cases as follows: 


Amount of 
Aqueous, Ce. 
Mature cuneiform cataract (anterior chamber 
slightly shallow) 
Phthisis bulbi___- 
Normal lens in a child 
Others 


Concurrently with the collection of aqueous, about 7 cc. of blood was collected 
from the anterior cubital vein in each case for the analysis of the ascorbic acid 
content in the serum, 

It was noticed that the anterior chamber was reformed in each case within 
5 to 10 minutes of the aspiration, except in the case of phthisis bulbi, when a 
much longer time was required, The intraocular tension remained very low, 
so that an intraocular operation could not be undertaken at the same sitting. 
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Analysis 

The ascorbic acid in the aqueous humor was determined by the method of Roe 
and Kuether,*® with certain modifications. 

In the present series of experiments, the whole quantity of aqueous humer 
collected in the centrifuge tube was mixed with 4% trichloroacetic acid and made 
up to a volume of 4 cc. After the mixture was kept at 30 C for five minutes, it 
was centrifuged. From the supernatant fluid a 2 cc. aliquot was taken in a test 
tube and bromine was added to the tube in very small quantities at a time, with 
shaking, until a yellow color was obtained. The excess of bromine was then driven 
off by passing air through the solution. By this treatment the whole of the ascorbic 
acid was converted into the dehydro form. One cubic centimeter of dinitrophenyl- 
hydrazinethiourea reagent was added to the solution. The mixture was incubated 
at 37 C for three and one-half hours. It was then cooled by immersing the tube in 
ice, One cubic centimeter of 85% sulfuric acid was added cautiously to avoid any 
rise of temperature. The mixture was shaken and kept at 30 C for one-half hour. 
The color developed was read in a Klett-Summerson photoelectric colorimeter 
(Model 900-3) with filter 540 mp and compared with a standard solution of as- 
corbic acid which was prepared in the same concentration as that of the aqueous 
humor. This had to be found out by trial. The colorimeter was, however, initially 
set at zero with a blank having the following composition: 


4% Trichloroacetic acid 
reagent. 
85% Sulphuric acid__. 


2,4-dinitrophenylhydrazine 2¢m. 
Thiourea.._. 4gm. 
Sulfuric acid (9N)_. 100 ee. 


Ascorbic acid in serum was estimated according to the same method as de- 
scribed above, with the only difference that 1 cc. of serum was mxied with 3 cc. 
4% trichloroacetic acid. Other operations were exactly similar to those for aqueous 
humor. 


Results 


Concentrations of ascorbic acid in the aqueous humor and serum in different 
eye conditions are shown in the Table. 


Concentration of Ascorbic Acid in Aqueous and Serum 


Total Ascorbic 
Acid, Mg./100 Ce. 


Eye Condition Aqueous Serum Ratio 

Humour Aq.H./Serum 

Cupuliform cataract 

Cupuliform cataract 

Early nuclear cataract 

Early nuclear cateract 

Mature cuneiform cataract. 

Mature cuneiform cataract. 

Hypermature cuneiform cataract with sclerotic 

change 
Fuchs’ heterochromic cyclitis with total cataract 


= 
= 


Cataractous lens, Av. 


Aphakia 
Aphakia 


Aphakia, av. 
Phthisis bulbi 
Normal lens 
Normal lens 


=| So 
eee enue 


Normal lens, av.. 


4 

2 ce. 

sone 1 ce. 

oe 1 ee. 

be 

Age 

60 4.57 08 

10 5.19 1.42 

; 4.88 

12 3.58 1.34 

13 12 3.20 2.40 


ASCORBIC ACID IN AQUEOUS HUMOR AND SERUM 


The results show that there were not very wide variations in the concentration 
of ascorbic acid in aqueous humor and serum among the various patients ex- 
amined. The ratio of ascorbic acid content in aqueous to that in serum was more 
or less the same in persons with cataractous lens or with aphakia, although the 
ascorbic acid content in the aqueous increased with that of the serum. The ratio 
in patients with normal lenses was rather low, but that in the patient with 
phthisis bulbi was definitely higher. 


Comment 


The analysis of the total ascorbic acid content shows in general that the con- 
centration of this substance is always higher in aqueous than in serum, although 
the present findings were of a much lower denomination than those of previous 
observers.’ There are three possible explanations for the higher concentration of 
ascorbic acid in aqueous humor !: 1. There is direct synthesis of the ascorbic acid 
by the lens, 2. The ascorbic acid enters the eye from the blood in the oxidised 
form and this is reduced by the lens. The blood-aqueous barrier is presumed to 
be relatively impermeable to the reduced form, which therefore cannot escape 
sufficiently rapidly from the eye to prevent accumulation in the aqueous humor. 
3. There is secretion of ascorbic acid by the ciliary epithelium. If the lens is 
responsible for the higher concentration of ascorbic acid in aqueous it must pro- 
duce it through some metabolic process characteristic of itself. But the results 
reported in the Table show that both in cases of total cataract, where the metabol- 
ism of the lens was completely stopped, as also in cases of very early cataract 
with a large number of lens fibers still remaining transparent, where there was 
every likelihood that the metabolism was still going on, the concentration of 
ascorbic acid was higher in aqueous and approximately at the same level in the 
two conditions. Moreover, in cases of aphakia, also, where there was practically 
very few lens fibers left, the result was similar. These findings corroborate the 
conclusions of previous observers like Purcell and others? and are strong evi- 
dence against the theory that the lens is responsible for maintaining a higher 
concentration of ascorbic acid in aqueous humor. 

The role played by the ciliary epithelium in maintaining the higher concen- 
tration of ascorbic acid in aqueous is not yet definitely known, On analysing 
the results, one very striking feature becomes evident. The ratio of ascorbic acid 
in aqueous to that in serum in the patients with cataractous lenses is approxi- 
mately only 4:1, whereas the same finding by Purcell and others? was approxi- 
mately 19:1, although the ascorbic acid content was expressed in milligrams per 
100 cc. of fluid in the present series, whereas the same was calculated as milli- 
grams per 100 gm. of fluid by the previous observers.?’ As evident from the 
table, the low ratio figure is due to the lower ascorbic acid content in aqueous. 
The present study was carried out in patients who were all colored people, with 
a high pigment content in the ciliary epithelium. If the ciliary epithelium is at 
all responsible for the formation of the ascorbic acid in aqueous, is it possible 
that the higher pigment content exerted a retarding effect on this process, so 
as to explain the uniformly low ratio of ascorbic acid content in the present 
analysis? There is only one bit of evidence, although very meager, which is in 
favor of this theory. In the case with phthisis bulbi without a lens, the ratio 
was almost double. As there was still an anterior chamber and aqueous could 
be withdrawn, a part of the ciliary body was undoubtedly still functioning, but 
perhaps the pigment-containing epithelium, being the deeper layer, was more 
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seriously damaged, thus losing its retarding effect upon the formation of ascorbic 
acid and explaining the higher ascorbic acid content of the aqueous. On the 
other hand, in the case showing Fuchs’ heterochromic cyclitis, where the process 
of cyclitis was a very mild and insidious, the retarding effect of the pigment 
epithelium was intact and the ratio of ascorbic acid was on the same level as in 
other cases. The very low value of ascorbic acid ratio in the two cases with 
normal lenses is remarkable, but we cannot suggest any possible explanation for 
this. 


Summary and Conclusions 

The relationship of the ascorbic acid content in aqueous to that in serum was 
approximately the same in patients with various types of cataract and with 
aphakia ; thus evidently the lens had no influence in maintaining that relationship. 

The ascorbic acid content in aqueous, although varying approximately with 
that in serum, was rather low in the present series. An explanation related to 
the function of the ciliary epithelium is suggested. 

The eyes with normal lenses showed a very low content of ascorbic acid in 
aqueous, The reason for this discrepancy is not understood. 


Lt. Col. N. C. Chatterjee, Surgeon-Superintendent, gave permission for the publication of 
this paper. 
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ractive Changes in 
Young Men 


CAPT. EDWARD A. HYNES (MC), U.S.N. 


It has been known for some time that refractive changes occur during ado- 
lescence and early adult life, just as they do in childhood and puberty, Al- 
though most physiologists consider these to be associated with the continuing 
growth process, there is a minority group which links such changes to other 
causes. Genetic contributions, racial predisposition, nutritional influences, 
convergence effects, and the excessive use of the eyes for close work have 
all been advanced as possible explanations for the changes in refraction that 
develop in healthy young people after the period of rapid growth has passed. 
With the exception of those cases where visual deficiency is due to pathology, 
the problem is ordinarily not of major importance and is easily corrected by 
the prescription and use of glasses. 

Consideration of the refractive changes in young people has received only oc- 
casional attention in the past.* However, there has been a transition in our society 
during the last 15 years from one which was essentially civilian to one in which 
all physically qualified young men are obligated to do military service, and the fact 
that many components of military activity have fairly rigid standards for ocular 
efficiency has made it necessary that more consideration be given to the refractive 
changes that occur in late adolescence. 


It has been found troublesome that many adolescents who meet prescribed 
visual standards at the beginning of their training are not visually qualified at the 
completion of their course to accept the responsibilities for which they have been 
trained. Others must be removed from highly technical specialties because their 
visual acuity has fallen below required standards. The naval and military acade- 
mies, the Reserve Officer Training programs in colleges, aviation and submarine- 
training schools, Officer Training programs in colleges, aviation and submarine 
training establishments have become acutely aware of the necessity for selecting 
only the candidates whose vision can be expected to continue to meet required 
standards after graduation. 


In order to resolve this problem, various visual standards have been reassessed, 
and adjusted where possible, so that the visual demands of a specific military job 
and the availability of young men to do the job can be brought into a more realistic 
balance. 


For the military ophthalmologist the problem of refractive changes in young 
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men has, therefore, become considerably greater than it is for his civilian colleague, 
and the purpose of this paper is to present observations and conclusions that can 
be applied when selecting candidates who must maintain a relatively high visual 
acuity to continue in certain military categories. Since many candidates consult 
civilian eye specialists in regard to borderline visual acuity, it is felt that this sub- 
ject is of general interest. 

In 1949 the Department of Ophthalmology at the U. S. Naval Academy, An- 
napolis, Md., was asked to determine the reason for the relatively high attrition 
of midshipmen because of deterioration of visual efficiency, when these same 
men had been admitted to the Academy as visually qualified. The problem was not 
a new one and had been previously investigated at the academy. Corrective 
measures had been undertaken to improve illumination and diet, as well as to 
select textbooks with proper size print and reflectance of paper. Firm adherence 
to the visional requirements for admission was demanded. After these factors 
were brought close to optimum, it was decided to study the ophthalmic records 
of four consecutive classes, three of which were then at the Academy. 

A brief explanation of the visual requirements for admission to the Naval 
Academy should be given. It is required that an applicant have visual acuity of 
20/20 and be able to read correctly 17 of the prescribed 20 Pseudo-Isochromatic 
Plates (A. O. 1941) or pass the Farnsworth Color Vision Lantern, and that he 
be free of disease of the eyes and adnexa. A history of diplopia or asthenopia is 
disqualifying, as is a cosmetically disfiguring strabismus at the time of the ex- 
amination. No limits were set for phorias or fusional amplitudes, and there was 
no requirement for stereopsis. At the present time third-degree fusion is required. 

During the physical examination for admission each candidate was tested for 
visual acuity on a 20 ft. lane, using both Snellen and nonserif test letters. The 
walls of the lanes were painted with a prescribed “flat Navy #9 Pearl Gray’”’ 
paint, with 46% reflectivity; ceilings were white, with 75% reflectivity. Illumina- 
tion of the walls approximated 4 foot-lamberts-(f.-L.) and the target brightness 
was adjusted to 15 f.-L. Light struck the target area at an angle of 45 degrees 
from above, and all luminaries were so shaded that no light glared into the appli 
cant’s eyes. The structure of the lanes was such as to make them shadow-free. 
each applicant was tested individually, and squinting, excessive winking, “stretch- 
ing,” “butterflying,” or other aids to naked vision were not permitted. Care was 
taken to determine the best performance for each.eye, and the requirement was to 
read a line of at least eight 20/20 test letters forward or backward as directed. 
When two test lettrs were called incorrectly, charts were changed so that test let- 
ters of different construction were used, and the applicant was rejected if his 
visual acuity was 20/20— 2 or more. 

lollowing examination for color vision, cycloplegia was induced with 4% 
homatropine hydrobromide solution, using 1 drop in each eye every five minutes for 
four applications. Retinoscopy was performed one hour later, and both retino- 
scopic finding and the cycloplegic acceptance were recorded. Random checking of 
residual accommodation was used as a means of controlling the level of cycloplegia 
within a group, and further use of homatropine solution was made whenever 
needed, Ophthalmoscopic examination was done through the dilated pupil. An 
ophthalmic record was opened showing the results of the initial examination and 
was maintained until the midshipman graduated. Each year, as part of the annual 
physical examination, unaided visual acuity was posted on this record, and, if the 
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acuity fell below 20/40, cycloplegic examination was again done and recorded. 
Any interim injuries, infections of the eyes or adnexa, and any ocular complaints 
were entered, as were all prescriptions for corrective lenses, The fourth annual 
physical examination given was to determine qualification for commission as an 
ensign in the U. S. Navy or a second lieutenant in the U. S. Air Force, At this 
time cycloplegic refraction was required for all men who were otherwise qualified 
for aviation training, and was also used for any man who had less than 20/40 
visual acuity. At graduation each ophthalmic record had at least five entries and 
contained sufficient material to permit an over-all evaluation of the four-year 
ocular history of each individual. This chronologic tabulation shows at what age 
visual acuity started to diminish and the nature of its subsequent progress through 
each scholastic year. If the visual acuity fell below 20/100 in either eye, the mid- 
shipman was separated from the Academy. 

It must be recalled, in the evaluation of the figures that will be given, that 
young men at the service academies lead lives so regimented for economy of time 
that each spends about the same amount of time in classroom, laboratory, study, 
exercise, sleep, and recreation, The diet, carefully planned by dietitians, is the 
same for all and is generous. At the Naval Academy the living environment is 
essentially the same for all men, and the factors of illumination and light reflect 
ance have been carefully engineered to provide proper study conditions. The 
level of personal and group hygiene is very high, and is so maintained by regu- 
lation and by daily inspection. It therefore seems reasonable to conclude that the 
3700 midshipmen composing this study group led lives so essentially similar that 
whatever nontraumatic external factor might affect the eyes or refractive status 
of any one would exert a similar influence on the eyes of all. 

This group must be considered to be highly selected, for midshipmen are care- 
fully screened physically, psychologically, and academically. Since they are a selec- 
ted group of normal, healthy, intelligent adolescents, their further physiologic 
development might well be considered the normal biologic expectancy in a 
controlled environment. Private correspondence with departments of student 
health at two American universities which had reviewed the physical status of 
their male student body to determine the probable loss of men through required 
military training indicated that the general level of physical competence and visual 
acuity was initially higher and remained higher in our selected midshipmen group 
than in the physically unselected student bodies of the two universities. In spite 
of the propitious influences derived from careful selection and a controlled environ- 
ment, the development of some degree of visual impairment was about 18% in each 
class. The cause of decreased acuity was almost exclusively myopia or some form 
of myopic astigmatism. 

In reviewing the records, it was observed that myopic corrections were pre- 
scribed for many men during their first year and that these were rather regularly 
increased in strength up to the time of graduation. As the wearing of glasses 
by officers has been traditionally considered nonmilitary, glasses were prescribed 
carefully, and only when really needed by the midshipmen. It was also noted that, 
of those needing glasses, most showed essentially emmetropic refraction on admis- 
sion and that more glasses were issued to younger men than to the older ones . 

It was therefore decided to separate the records of two classes (1949 and 1950) 
according to their age and cycloplegic acceptance on admission to the Naval Acad- 
emy, and to determine the incidence of visual defects within these groups. As the 
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examinations of these classes had been made by several examiners, a gross division 
appeared indicated in the weighing of initial cycloplegic findings. As the astig- 
matic components were relatively small, the use of spherical equivalents seemed 
a justified and convenient method of expressing refractive errors. A spherical 
equivalent of % D. of plus sphere was selected for its apparent probability of 
significance, and those men who showed this or less on their admission cycloplegic 
refraction were divided according to their age at time of admission. The 17- and 
18-year-old group was computed as a single division; the 19- 20- and 21-year-olds © 
each constituted a separate division. 

When this arrangement of the data was completed, it was found that 624 of 
the 660 records of visual defect had been classified; only 36 examples of develop- 
ing visual defect had occurred in the 1419 men who had a spherical equivalent 
greater than % D. of plus sphere on admission, regardless of age. In the group 
of 624 admissions whose initial cycloplegic refraction was % D. or less of plus 
spherical equivalent, the distribution of defects occurred as follows: 

Of 117 admissions in the 17- 18-year age group, 91, or 77%, developed myopic 
defects; of 261 admissions in the 19-year age group, 116, or 44.4%, became 
defective; of 172 admissions in the 20-year age group, 66, or 39%, showed loss 
of vision; of 74 admissions in the 21-year age group, 11, or 14.8%, became myopic 
in some degree. 

This method of dividing the visual failures into age groups according to their 
cycloplegic findings on admission makes it appear that the younger the applicant, 
and the more emmetropic he is, the greater the likelihood of his developing some 
type of myopic refractive error. 

It must be pointed out that there were a few in the category showing less than 
Y% D. of plus spherical equivalent who showed a minus spherical equivalent and 
were indeed technical myopes on admission. The requirement of 20/20 vision 
made these cases a small minority, and in only four cases was a spherical equival- 
ent of ~% D. sphere found. The subtraction of these few from the total 
makes no appreciable difference in the relative percentages of failure, and because 
the problem presently revolves around the concept of “20/20 vision” as a standard, 
it is only fair to include them in the figures. 

It must also be noted that with each year of advance in age the percentage of 
failures among the essential emmetropes decreases, so that at age 21 only 14% 
of defectives are noted. It would appear that the 20/20 acuity requirement eli- 
minates many from this 21-year-old group who might have been eligible four 
years earlier. 


Following this exploratory investigation, it was considered desirable to analyze 
the class of 1952 somewhat more carefully, as this class had been admitted and 
followed during their four-year course by one ophthalmologist. The data on this 
class were more detailed and promised greater consistency. The same age divisions 
were retained, but the classification of cycloplegic acceptance was subdivided to 
show those admissions who had % D. of plus spherical equivalent or less; those 
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whose spherical equivalent fell between + and +1 D., and those whose initial 
refraction exceeded +1 D. 

Figure 1 shows a bar graph representation of these findings with the figures 
upon which the percentages were calculated. This presentation again demonstrates 
the tendency of younger emmetropes to fail, the reduced incidence of visual defect 
as age advances, and the markedly fewer failures in those with initial acceptances 
above % D. of convex sphere. 


Fig. 1—Percentage of graduates with defective vision, class of 1952. Hatched areas 
represent +-0.50 D. spherical equivalent or less on initial cycloplegic refraction; size of groups 
169, 110, 94, 153. Clear th +0.50 to +1.00 D. spherical equivalent; size of groups 36, 
54, 50, 65. Black areas +1.00 D. and above spherical equivalent; size of groups 119, 61, 32, 64. 


Analysis of the four classes gave essentially the same results as those depicted 
in Figure 1, and the classes show high correlation with each other. No significant 
difference exists between the age groups of any one class as compared with similar 
age groups in other classes studied when such comparisons were made on the basis 
of being above or below the + % D. spherical equivalent level. 

Figure 2 represents four classes, totaling 3969 midshipmen, presented on the 
single consideration of whether or not their initial cycloplegic acceptance exceeded 
the spherical equivalent of % D. of plus sphere. 


a 


Fig. 2.—Defective vision for four years, 3969 
men. The hatched areas represent spherical equiva- 
lent +0.50 D. or below; clear areas, spherical 
equivalent exceeding +0.50 D. (cycloplegic accep- 
tance on admission examination). 


PERCENTAGE OF DEFECTS ON GRADUATION 
3 


To be physically qualified for assignment to aviation training following gradu- 
ation from the Naval Academy, a candidate must have, among other ocular require- 
ments, 20/20 visual acuity, no evidence of myopia, not more than 2.50 D. of 
hyperopia, and not more than 0.75 D. of cylindrical correction when examined 
under cycloplegia. 
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The Table relates 244 members of the class of 1952 who were found physically 
qualified for aviation training, according to the strength of cycloplegic equivalent 
upon admission and upon graduation. A very definite shift in the direction of 
decreased hypermetropia is evident. In this group the average loss of ability to 
accept plus sphere under cycloplegia was 0.375 D., while the median in the group 
fell just above 4% D. 


Summary 

Material is presented indicating the nature and direction of refractive changes 
in young men at the U. S. Naval Academy during the four-year period between 
admission and graduation. 

The data indicate that a significant correlation exists between the younger age 
group who are essentially emmetropic, and the distribution of refractive errors 
expressed in diminished visual acuity which occurs during the four years of at- 
tendance at the Academy. The great mass of these refractive errors consists of 
some form of myopic defect which, while easily corrected, interferes with the free ° 
selection of, or assignment to, certain military specialties that require high levels of 
visual efficiency; moreover, these errors also disqualify many midshipmen from 
being commissioned in the unrestricted line for which they have been trained. 

Analysis of the records of several classes repeats the pattern so consistently 
that tables of anticipation can easily be constructed to aid in the selection of candi- 
dates or to prepare for their eventual disposition. 

A definite shift away from hypermetropia toward emmetropia or myopia occurs 
between the ages of 17 and 22. This shift appears to be constant in those who do 
not develop disqualifying visual defects, as well as in those who do. 


Comment 


The mechanism by which the many variable components of normal vision are 
arranged during the twenty-odd years of human growth is so complex that it is 
little understood. It has often been considered remarkable that so many persons 
attain the happy equipoise of variables that produces good vision. The goal of 
nature appears to be refractive emmetropia at the end of the period of growth. 
If that goal is reached before growth has been completed, the continuing forces 
of development continue to rearrange the variables so as to produce an optical 
system that is overly strong in its refractive functions, and as a consequence some 
type of myopic defect is produced which prevents clear distant vision. 

In rather carefully selected group which is maintained four years in an environ- 
ment of near-optimal hygiene, the tendency of those who achieve emmetropia 
early in their adolescence to become myopic as physical development continues 
is striking. As the same pattern unfolds in essentially the same fashion in class 
after class, it is difficult not to accept it as a normal physiologic evolution, ap- 
parently based upon a genetically determined predisposition, related to the final 
growth increment, and predictable when evaluated on a mass basis. ‘ 

The incidence of these defects at the Naval Academy is much less than in 
the general population,t less than among unselected student bodies of similar age,t 
and less than among illiterate aborigines of certain parts of the world.* In view of 
this, it is not justifiable to indict any influence peculiar to the way of life, the 


t References 3 and 5. 
t References 3 and 4. 
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curriculum, or the environment of the Naval Academy as etiologic to the failures 
described. It does seem justifiable to consider this refractive myopia as the normal 
pattern of development in the final trimester of human growth. (See also report of 
Hayden and Goff.’ ) 


Conclusions 

1. Seventeen- and eighteen-year-old adolescents who have 20/20 vision, and 
whose cycloplegic acceptance is % D. or less of plus spherical equivalent, are 
likely to develop some degree of myopic-type refractive error and diminished 
visual acuity during the next four years of their life. 

2. This process, which has been described with somewhat greater incidence of 
visual disability in the general population, occurs in carefully selected, normal, 
healthy young men who are maintained in an environment that is engineered 
toward ideal hygiene. It may therefore be considered a concomitant of normal 
physiologic development and predictable under such circumstances as have been 
described. 


3. As adolescence recedes, the relation of age to emmetropic refraction becomes 


less significant in the anticipation of later diminished visual acuity, so that at age 
21 men with 20/20 acuity and an essentially emmetropic refraction have greater 
than 90% likelihood of continued normal vision, 

4. If all adolescent candidates for training in military and civilian specialties 
where continued 20/20 acuity is necessary were required to have a cycloplegic 
acceptance in excess of % D. of plus spherical equivalent, the attrition from 
refractive myopia would be less than 10%. 

U. S. Naval Hospital. 
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NEURO-OPHTHALMOLOGY 
DONALD J. LYLE, M.D. 


Cincinnati 


HIS REVIEW of neuro-ophthalmology attempts to assemble in abstract 

form the reported and published literature of the 12-month period ending 
July, 1956. Where it was necessary to rely upon current abstracts, because the 
original foreign articles were not available, the date of publication may be a few 
months earlier. It is impossible to cover the entire subject on a world-wide basis, 
but access to 33 relevant journals and several new books furnished considerable 
information, from which this material is assembled. 

It is my endeavor to continue the last review of this subject by Payne! and 
to integrate the subject with the recent review of the optic nerve by Wagener.” 
The optic nerve will be considered only when it is implicated by intracranial 
affections. 


The Visual System 


Grouping and sequence are rather difficult. It is thought best to mention 
the reports of the visual system according to structure. However, considerable 
study has been currently presented on the blood supply and vascular conditions 
irivolving the visual system, and so this subject will be reported separately. 


The Optic Nerve 


An interesting demonstration of the histoanatomy of the optic nerve is given 
by Wolter,’ in which the effect upon the cells of various pathologic processes is 
described, 

A symposium of diseases of the optic nerve by Carroll, Henderson, Zimmer- 
man, Rucker, and Walsh * contains much information regarding the present knowl- 
edge of optic nerve affection. Zimmerman also includes discussion of intracranial 
conditions at higher levels. 

Chamlin ® presents a study of differential diagnosis of optic neuritis. He states 
that the most important conditions simulating retrobulbar neuritis are mass lesions 
compressing the optic nerve and chiasm. An article on the production of retro- 
bulbar neuritis as a complication of infectious mononucleosis is presented by 
Shechter, Lipsius, and Rasansky.* Boéke’ describes neuritic changes in the optic 
nerve in tuberculous meningitis caused, as he states, from tubercles in the nerve 
from tuberculous endangiitis. Nonnenmacher* reports upon optic neuritis in 
lactation. Calcium studies, a very important factor, are not described in the 
article as abstracted. Observations of the course of treated syphilitic primary 
optic atrophy are presented by Hahn, Zellmann, Naquin, Cross, and Marcus.* 
In a study of 141 patients the progress was found to continue in one-third of the 
cases during the first year, one-half by the second and third years, and three- 
fourths by the fourth and fifth years. 


Received for publication July 10, 1956. 
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Toxic Affections 


Although toxic affections may implicate the intraorbital optic nerve and retina 
not infrequently, there is general or diffuse cerebral involvement, with symptoms 
from higher visual or oculogyric structures. 

Watterson ' states that chlorpromazine produces depersonalization with visual 
hallucinations in 15% of the patients maintained on this drug. There is a fre- 
quency and intensity in dreaming, with visual imagery consisting chiefly of series 
of scenes from childhood and bizarre and startling apparitions. 

In a description of visual toxicity of methanol, Potts ™ outlines the clinical 
aspects of experimental poisoning. Luvoni and Penzani' describe the toxic 
action of trichlorethylene on the eye producing peripheral constriction and optic 
atrophy. Janssen and Boke ™ describe increase in visual disturbance in tuberculous 
meningitis since the introduction of isoniazed-streptomycin treatment. Bruce '* 
tells of permanent bilateral blindness following the use of hexamethonium 
chloride. Hogan, Thygeson, and Kimura © describe the use and abuse of adrenal 
steroids and corticotropin therapy. Oehninger, Rodriquez Barrios, and Gomez 
Haedo ** describe optic neuritis caused by arsenicals resulting in cloudy vision and 
field constriction treated successfully with dimercaprol (BAL). 

Nutritional amblyopia found in prisoners of war continues to be reported. 
King and Passmore" describe vitamin B deficiency in American prisoners of 
war in Korea. Fisher '* tells of residual neuropathologic changes in Canadian 
prisoners of war in Japan. 

Miranda '® describes internal ophthalmoplegia from lead intoxication with 
encephalitis. Brecher, Hartman, and Leonard * discuss the effect of alcohol on ° 
binocular vision. With rising levels of alcohol esophoria or esotropia develops 
for distance and exophoria or exotropia for near. The position of rest is at about 
60 cm. This study supports the hypothesis that separate convergence and diver- 


gence mechanisms exist to control binocular vergence, since the suppression of 


these functions by alcohol causes the eyes to assume an intermediate or neutral 
position. 
Peripheral Visual Pathway 

Pathologic changes in the optic system in disseminated sclerosis are described 
by Lehoczky.*" Hayashi ** found demyelinization in the optic nerve of rabbits 
by employing injection of autogenous brain emulsion from experimentally pro- 
duced acute disseminated encephalitis. Markham and Otenasek ** describe a case 
of neuromyelitis optica simulating spinal cord tumor. Steinmetz and Kearns ** 
use Hardy-Rand-Ritter pseudoisochromatic plates as a diagnostic aid in deter- 
mining the presence of retrobulbar neuritis of multiple sclerosis. They describe this 
as a refine visual acuity test more sensitive than black and white. 

McPherson and Ryan * describe papilledema in relation to intracranial lesions 
and outline the differential diagnosis. Another similar article is by Rintelen,?® who 
describes the anatomy and various affections of the optic nerve in connection with 
diseases of the central nervous system. 

An article on the optic nerve sheath pathway and its role in the spread of 
foreign bodies and tumor cells from the cranial cavity to the orbit is presented 
by Levine and Bronstein.” The authors believe that continuous patent passages 
exist between the subdural and subarachnoid spaces of the brain and sheaths of 
the optic nerve. While this is true beyond dispute for the subarachnoid space, 
anatomists and clinicians both question the patency of the extension of the sub- 
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dural space in the orbit and believe that there is a close apposition of the two 
sheaths, the dura and the arachnoid. These membranes may be separated by 
hemorrhage or exudate, which may occur as an isolated phenomenon or in con- 
junction with but not extension from intracranial hemorrhage. Hedges and 
Walsh * cite a case of optic nerve sheath and subhyaloid hemorrhage following 
angiocardiography and state that this can occur as an isolated bleeding, in the 
absence of subarachnoid cerebral hemorrhage, from intracranial venostasis result- 
ing in rapid increase of intracranial pressure. Manschot ** writes of intraocular 
symptoms from subarachnoid hemorrhage which extends along the patent optic 
nerve sheath to cause pressure on retinal veins as they traverse the optic nerve. 

Berg ® describes gliomas of the optic nerve in neurofibromatosis, and Love, 
Dodge, and Bair tell of the complete removal of gliomas affecting the nerve. 
Bregeat, Fischgold, and David ** describe radiography of chiasmatic glioma. 
Levitt * reports a case of primary glioma of the optic chiasm. 

Some instructive manifestations of chiasmal disease is the subject of a dis- 
cussion by Wendland.** Ramamurthi*® relates the causes of optic chiasmal 
arachnoiditis as trauma and infection, chiefly meningitis produced by pneumo- 
coccus, tubercle bacillus, and Treponema pallidum. The symptoms are progressive 
visual loss and optic atrophy. Chiasmal arachnoiditis is a localized basal meningitis 
designated by its location. The various causes of meningitis apply to chiasmatic 
arachnoiditis. 

There are two current papers on the lateral geniculate body. Vastola * 
studied the electric potential responses of the lateral geniculate body in the cat 

- to stimulation of the optic nerve. Vrabec *’ traced the anlage of the lateral genicu- 
late body through ontogenesis in eight human foetuses. 


Blood Supply and Vascular Affections 


Béck and Schwarz-Karsten * report further on their investigation of origin 
of the ophthalmic artery. The authors state that the ophthalmic artery leaves the 
internal carotid from its frontal and medial aspect immediately after it has passed 
the cavernous sinus and perforated the dura mater. In my study the ophthalmic 
artery not infrequently was found to leave carotid extradurally and proceed to 
the optic foramen without passing through the dura or sending vessels through. 
It definitely, in these instances, does not supply the intracranial portion of the 
optic nerve. A discussion on the variability of the origin of the ophthalmic artery 
is given by Linc, L, Puzanova, and A. Puzanov,** who relate its functional sig- 
nificance. Francois and Neetens*® continue their excellent exposition of the 
vascularization of the optic nerve with the study of the intraorbital and intra- 
cranial portions, 

A number of articles on aneurysm have been published during the past year. 
Larmore *! discusses aneurysm of the ophthalmic artery. Offret and Massin * 
describe the development of intracranial aneurysms and their relation to the visual 
apparatus. Aneurysms of the internal carotid and its branches is the subject of 
Goddé-Jolly’s ** presentation. Holmes ** describes the ocular symptoms of intra- 
cranial aneurysms. Intracranial aneurysms should be suspected when there is 
sudden onset of cranial nerve palsies with severe pain. If the carotid cavernous 
sinus is involved, the first symptom is usually synchronous pulsation of head 
and heart and unilateral exophthalmos. Clinical localization of intracranial 
aneurysms and vascular anomalies is described by Walker,*® who studied 285 
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cases and classified the symptoms according to the site of lesion. Dany and 
Lobstein ** report a case with bilateral iridoplegia and other symptoms with low 
retinal arterial pressure produced by aneurysm of the internal carotid artery. 
White and Adams‘? discuss combined supraclinoid and infraclinoid aneurysms 
of the internal carotid artery which involve the third, fourth, fifth, and sixth 
cranial nerves, with external and internal ophthalmoplegia, pain, and hyperesthesia 
of the face. The visual system may be implicated by extension, to produce monoc- 
ular blindness. Caroticocavernous fistula without pulsating exophthalmos was the 
subject for discussion by Clarke, Beaconsfield, and Gordon.** They state that it 
occurs in 10% to 15% of the cases owing to reduction of return of blood on the 
involved side. Erdbrink ** speaks of subclinoid or intracavernous aneurysm in- 
volving the nerves to the ocular muscles and sensory nerves to the face, eye, and 
orbit. He makes a plea for the use of angiography for diagnosis and localization. 

A monograph has been recently published by Bonnet on arterial intracranial 
aneurysms. The study is complete, and the book is well recommended, He also 
has an excellent article on the cavernous space and its syndromes.*! 

In a paper entitled “The Circle of Willis’’ Symonds ™ describes the ocular 
symptoms of occlusion of the internal carotid artery, with transient blindness due 
to retinal ischemia as the most prominent symptom. Frera and Papo™ discuss 


the variations of the retinal arterial pressure in thrombosis of the internal carotid 
artery, citing 22 cases. There was considerable increase in pressure in the retinal 
artery in the eye on the side opposite to that with the sensory and motor dis- 
turbances, which showed a tendency to normalize with improvement of the neu- 
rologic disturbance. 

Knudsen ™ tells of thrombosis of the internal carotid artery with collateral 
circulation through the ophthalmic artery. Christophe and Thiry™ present a 
similar paper. Nielsen writes of thrombosis of the internal carotid artery, 
describing ocular symptoms. Kriz *’ emphasizes the importance of electroretino- 
graphic examination in thrombosis of the internal carotid artery. Attempts to 
determine the collateral circulation by way of the ophthalmic artery with both 
eyes at rest and with compression of both common carotid arteries was the pro- 
cedure in this examination. The ERG revealed a better blood supply on the right 
side. Taveras, Mount, and Friedenberg * demonstrate by arteriographic studies 
the external-internal carotid artery anastomoses by way of the ophthalmic artery. 
Calamandrei 
Sachs,” reporting two cases, presents arteriographic demonstrations of the col- 
lateral circulation through the ophthalmic artery in internal carotid artery throm- 
bosis. Bonnet and Bret“ describe tomography of the internal carotid artery. 


writes of ophthalmological findings in cerebral angiography and 


A case of persistent carotid-basilar anastomosis associated with aneurysm of 
the homolateral middle cerebral artery with oculomotor paralysis was presented 
by Murtagh, Stauffer, and Harley.” 

A case of ocular manifestations in a patient with hemorrhage into the fourth 
ventricle was presented by Sengupta.” 


Cerebral Visual Areas 
There has been a number of publications regarding the cerebral visual areas 
and their functions—reception, interpretation, and disposition of visual stimuli. 
Christensen,“ in his thoughts and remarks on vascular stereoscopic vision, 
believes the optic pathways do not join before reaching the striate area of the 
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occipital lobe where they form the “cyclopic cerebral eye.” Dieterle and Babel ® 
discuss the diagnostic importance of simultaneous registration of the electroretino- 
gram and of the EEG (determination of the retinocortical time) in affections of 
the optic pathways. Ronne™ states that normal binocular vision (fusion and 
stereopsis) arises from integration of retinal stimuli taking place in the occipital 
center, The observation of simultaneous cessation of retinal rivalry and disappear- 
ance of sensory fusion and stereopsis during intoxication supports the view that 
integration and suppression are virtually complimentary expressions of one and 
the same basic process. The inhibitory activity, as abnormally demonstrated in 
retinal rivalry, must be looked upon as a prerequisite for the binocular integration 
of disparate stimuli. 


The eye centering system is discussed by Bender.® He states that the straight- 
ahead stare is found in epilepsy (grand and petit mal), diseases of the basal 
ganglia, and post encephalitis conditions. These conditions damage the ocular 
centering areas and abolish the quick phase of induced or spontaneous nystagmus 
but do not affect, as a rule, conjugate deviation. 


Impaired scotopic vision was found in adiposogenital dystrophy and is reported 
by Landau and Bromberg,®* who suggest that the mechanism of scotopic vision 
may be related to the function of the hypothalamus. 

Granit ® has recently published a book on receptors and sensory perception. 
It should be well received and read with interest. 

In considering the aphasias of visual implication, a good introduction can be 
had by reading an excellent article by Riese * on Hughlings Jackson’s doctrine of 
aphasia and its significance today. Schuell ™ has an article on diagnosis and prog- 
nosis of aphasia in which he discusses involvement of audition, vision, and the 
sensory motor systems in the language process in reference to reading, speaking, 
writing, and understanding. When there is specific visual involvement, recovery 
of speech is good but recovery of reading and writing is slower. 

Pallis ™ describes a patient with an embolus in the right posterior cerebral 
artery found at angiography. The patient had bilateral superior homonymous 
quadrantanopsia, color blindness, inability to recognize faces, and disruption of 
spatial thought. He did not recognize his wife and doctor but could recognize 
animals. Duensing ** writes of optic spatial agnosia resulting from occipital lobe 
trauma, reporting two cases. De Busscher ™ relates symptoms of visual agnosia 
with regard to moving and immobile objects and incomplete achromatognosia 
after two vascular lesions in a hypertensive patient. Left homonymous hemianopia 
and right upper quadrantanopia were present. 

Berlin * cites a patient who was unable to close his eyes when awake although 
they closed in sleep. There was a right cerebral lesion and left hemiplegia. 

Nielsen ™ discusses dreams and psychosis in occipital lobe affections. He 
states that, since the occipital lobe is essential to visual recognition and revisual- 
ization, the decortication of the convex cortex of one occipital lobe to remove 
the revisualization area (of dreams and old memories), which is the trigger center 
for psychogenic processes, might be a sastisfactory treatment for schizophrenia. 


Strazzi and Gaist,™ in an earlier report, tell of the neurovisual consequences 
of occipital lobectomies with disturbance of receptive and psychic visual function. 


Dream recall and eye movements during sleep are discussed by Dement,” 
who studied the condition in schizophrenia and normals. Bursts of motility, 
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probably representing single dream episodes, may be more pronounced in schizo- 
phrenia. 

Dewhurst and Pearson ™ tell of visual hallucinations of the self (autoscopic) 
in organic disease, stating that the precipitatory factor occurs only among those 
with highly developed visual memory sense of their corporal being. The lesions 
were produced chiefly from tumors, injuries, and infections found in the temporal, 
parietal, and occipital lobes. Lilliputian hallucinations, writes Goldin,®™ can be 
caused by a variety of affections and can only be precipitated by a person with 
a paranoid personality trait plus an unresolved unconscious conflict. 

Glezeroy *' tells of the peculiarities of the functional changes in lesions of the 
visual cortex. Schlaegel and Quilala *? describe hysterical amblyopia. They found 
tubular fields in both functional and organic conditions. Tubular fields of hysteria 
are circular with sharp borders and remain the same size, independent of distance. 

Visual imagery and electroencephalographic changes are described by Walter 
and Yeager,** who noted affections of visual imagery and recall, Visuomotor 
performance was studied in 180 psychiatric patients and 15 blind adolescents. 


Visual Fields 


A number of authors discuss field studies with flicker stimuli. Collins- 
Garston ** describes the influence of characteristics of a fluctuating visual stimulus 
in flicker sensation. Kleberger® believes that flicker is more sensitive than 
ordinary targets in perimetry and discusses his findings in normal and abnormal 
vision. Mahneke ** describes the flicker-fushion threshold. Watanabe * tells of 
encephalographic studies induced by flicker ilkamination. A review on optic and 
visual physiology, including the subject of perimetry, is given by Miles.** 

Francois and Verriest ** describe perimetry of the dark-adapted eye. Harrington 
and Hoyt discuss ultraviolet radiation perimetry with monochromatic blue 
stimuli, which detects early defects in conduction fibers of the retina and optic 
nerve. Berk ® presents a critical evaluation of color perimetry. He demonstrates 
the decrease of visual field when induced by color targets under standard testing 
procedure, which he states is the result of the decrease in light intensity. This 
supports the contention that the size of the visual field is subject to light intensiy 
and not color. Many neurologists and ophthalmologists still retain the preconceived 
idea that color fields are of diagnostic and localizing value. This remains a 
controversial subject, with an inclination toward the belief that size and illumina- 
tion, rather than color, are the factors which determine the extent of the visual 
field. 

Dubois-Poulsen and Magis ® cite the case in which scotomas are localized in 
the vertical dividing line of the visual field as a result of interhemispheric occipital 
lesions, with report of two cases. The symptoms produced by the occipital lobe 
lesion are agnosia for colors, defects in stereoscopic vision, quickening of eye 
movements, slow recognition of objects in one-half of the field, and difficulty in 
avoiding objects. 

Gunkel and Ryan present a self-recording remote-control tangent screen, 
and Hagedoorn and van den Bosch® present a double projection campimeter. 

A permanent homonymous migraine scotoma was found in a patient by 
Robinson.* Scintillating scotoma appeared, followed, after one attack, by homon- 
ymous paracentral scotoma and, finally, by complete homonymous hemianopsia 
which cleared to a homonymous right superior quadrantanopsia. 
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An exceptionally good book on visual fields has been written by Hughes,” 
who very successfully integrates the subject for the benefit of the ophthalmologist 
and neurologic specialists. 


The Oculogyric System 


Hedges and Adler ® describe the oculomotor manifestations of lesions in the 
brain stem in three cases; one of unilateral internuclear ophthalmoplegia, the 
second of bilateral internuclear paralysis, and the third of paralysis of the vertical 
movements. Ethelberg ®* discusses vestibulo-ocular reflex disorders in a case of 
supratentorial metastatic tumor which produced transtentorial herniation and 
foraminal impaction of the brain stem. He believes that the abnormal caloric 
manifestations are the result of reticular rather than posterior longitudinal bundle 
damage. Cooper, Daniel, and Whitteridge ® describe muscle spindles in the human 
extraocular muscles which are termed proprioceptor receivers and which are also 
projectors of reflex activity in association with the brain stem and cerebellum. 

Holmes ' describes hereditary congenital ophthalmoplegias and suggests (1) 
developmental causes due to aplasia or displasia of the nuclei, the muscles, or 
higher cerebral centers or (2) pathologic involvement with degeneration. He 
further commends consideration of heredity, with abiotrophic or dystrophic 
changes as causative factors. 

Murray '®' describes in 122 patients under 16 years of age symptoms of re- 
stricted ocular motility from acquired disturbances. The conditions excluded 
from this subject were congenital or developmental affections, local involvement 
of nerve or muscle, and poliomyelitis. The studies were made of third and sixth 
nerve paralysis, supranuclear palsies, seventh nerve paralysis, and myasthenia 
gravis. He concluded that the sixth nerve paralysis might be of localizing value, 
not necessarily the result of increased intracranial pressure. He found that 
intracranial tumors accounted for about 70% of eye muscle involvement in 
children, a much greater percentage than in adults, where multiple sclerosis or 
vascular lesions predominate. 

Paralysis of lateral conjugate eye movements may be the only focal sign of 
bulbar poliomyelitis. This condition is discussed by Adler, Landau, and Robin- 
owitz.' They place the possible site of the lesion in the pons, with involvement 
of the vestibular and abducens nuclei, in addition to implication of the mechanism 
for control of lateral gaze. 

Piper '* tells of congenital gaze paralysis as a fixation of primary function. 
He believes that this inability to fix for distance is probably due to arrested 
development. Three cases are described. Significance of congenital cyclovertical 
motor defect is described by Urrets-Zavalia," who states that variations ex- 
hibited by horizontal deviation in pure elevation and depression, as well as the 
vertical imbalances, are thought to be of developmental origin. A description of 
the anatomical structures of the oculogyric system is given by Solbach and 
Schmitz," who apply this knowledge to clinical findings and postmortem examina- 
tion of 22 patients. 

Fuldner,' in an article “Cerebral Palsy: Where Next?” writes of the concur- 
rence of paraplegia and retrolental fibroplasia which appear attributable to a 
common basis in prematurity. He cites five cases with birth weight of from 1.12 
to 3.00 pounds. 

In a series of 100 cases of cerebral palsy Breakey '* found 56 showing ocular 
symptoms, among which were 40 with esotropia. 
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Electro-oculographic studies were made of eight patients with ocular palsies 
by Francois and De Rouck.'’** Characteristic tracings were found for various types 
and stages of involvement. 

Vascular phenomena involving brain stem structures are discussed by Fang 
and Palmer,’°* who emphasize, in addition to hemiparesis, conjugate gaze palsies 
and visual impairment, which occur more frequently than is generally recognized. 
A syndrome of intermittent insufficiency of the basilar arterial system with 
periodic transient episodes of dysfunction is presented by Siekert and Millikan." 
The symptoms resulting from ischemia are dimness of vision, diplopia, vertigo, 
confusion, etc. Kearns, Wagener, and Millikan ''! present a patient with homon- 
ymous hemianopsia, nystagmus, and internuclear ophthalmoplegia with unaware- 
ness of blindness. This last symptom when combined with bilateral hemianopsia, 
mental deterioration, and amnesic aphasia is called Anton’s syndrome. 

Guibor ''? discusses cerebral palsy, suggesting a practical routine for discerning 
oculomotor defects in cerebral palsied children. He finds that more than 50% 
have ocular defects. Tests are suggested for determining palsies in early childhood. 

Ophthalmoplegic migraine is classified by Remky ''* into (1) simple angiotonic 
or angiospastic; (2) migraine plus ophthalmoplegia: (a) spastic circulatory with 
miosis, scotoma fugax with good eye movement, and (>) hypotonic circulatory 
disorder with mydriasis and external ophthalmoplegia, and (3) cerebral symp- 
toms of muscle paralysis from increased pressure. 

In an article by Bonnet '* on paralysis of the abducens nerve the intracranial 
and intraorbital affections were discussed and grouped according to location and 
syndromes in a very comprehensive study. Bedrossian ''® presents the case of a 
diabetic with abducens paralysis who past pointed when the affected eye was 
covered, The reason for this phenomenon was discussed. A case was reported 
by Love and Hollenhorst ''® of bilateral abducens paralysis with intense headaches 
produced by a cyst in the septum pellucidum (fifth ventricle) cured by pneumo- 
encephalography. 

There are several reports on myasthenia gravis. Ferguson, Hutchinson, and 
Liversedge '? in a survey of 85 cases conclude that thymectomy is not necessarily 
a consideration. If the condition is initially confined to the ocular muscles and 
remains localized for two or three years, they conclude that there is reasonable 
chance that the affection will not spread and will produce very little serious diffi- 
culty. The ocular symptoms of myasthesia gravis are also discussed by Francois, 
Begaux, Decock, Stefens, and De Rouck.""* Ocular symptoms are the first signs 
in more than half of the cases. Ocular involvement occurs in most of the cases 
of long standing, marked by exacerbations and recessions aggravated by fatigue. 
The duration is from death within several years, in acute forms, to chronicity 
of many years. Ptosis, usually bilateral, is the commonest symptom, Intrinsic 
muscles usually are not affected. Vergence may be weakened; version and duction 
may be impaired. A case of myasthenia gravis with retraction of the upper right 
lid and ptosis of the left is presented by Galvez."'* Edrophonium (Tensilon) is 
recommended by Boruchoff and Goldberg '*° as an aid to diagnosis of ocular 
myasthenia gravis. It is safe and rapid-acting as a direct stimulant to the myo- 
neural junction. 

Vergence 

Breinin '*! reveals the nature of vergence by electromyographic studies. He 

concludes that divergence impulses pass to the two lateral recti muscles equally 
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but are neutralized in the fixating eye by an opposing version in the maintenance 
of fixation. The deviating eye is stimulated by both divergence and version. 

Spasm of the near reflex is the term applied by Cogan and Freese '** to the 
intermittent, usually painful, excessive action of convergence and accommodation 
with miosis. Sixteen cases were studied in detail. Functional disturbances are 
the rule. The occurrence is most frequently in adolescent girls. 

Spasm of fixation resulting from birth injury is described by Alfano,’** who 
believes that the cause is the result of damage to the frontal oculogyric centers 
by hemorrhage from the superior longitudinal sinus from birth injury. The effect 
of version and vergence movements on ocular torsion is described by Pascal.!** 
He states that torsion takes place on oblique version and in convergence, but in 
opposite directions, The action on the vergence mechanism under the influence 
of alcohol is reviewed under Toxic Affections (see page 769 and Reference 20). 


The Autonomic Nervous System—Intraocular Muscles 


In a book, “The Eye and Midbrain,” Thiel '° describes the association of 
various reflexes, particularly those of the autonomic nervous system, and their 
effect upon the intraocular pressure in the production and control of glaucoma. 
This subject, in connection with the thalamus, has been presented from time to 
time. In the long search for the cause of so-called primary glaucoma the 
diencephalon is again being studied further. 

In an article on brightness stimuli and the diencephalon Schmerl !** states 
that the stimuli of light and smell reach the hypothalamic vasomotor centers, 
which release vasoconstrictor and vasodilator activities influencing intraocular 
pressure. 

Lowenstein '*7 discusses benign postinfectious disorders of the anterior mid- 
brain in the production of alternating contraction anisocoria combined with general 
fatigue and peripheral neuritis. This anterior midbrain symptom was the only 
sign of encephalitis in the study of 22 patients. 

Using the infrared technique which he developed, Lowenstein '** has estab- 
lished syndromes produced by lesions of the peripheral and central nervous systems 
in which 18 topical locations were typed. Lowenstein ?”* presented a pupillo- 
graphic instrument which he developed to record and analyze pupillary movements 
and reflexes. 

The pathway for darkness and reflex pupillary dilatation is the subject of 
Arieff,!“° who examined 19 patients having complete cervical cord lesions. Stimu- 
lation above the lesion with a painful faradic current failed to produce pupil 
dilatation, whereas stimulation below the lesion produced dilatation. This tends to 
prove that, in man, dilatation due to pain is sympathetic in origin. In the same 
patients dilatation to darkness was found, proving that the undisturbed parasympa- 
thetic reflex was the producing mechanism, Deductions from this discussion were 
that the only reflex transmitted by the sympathetic fibers in man is the ciliospinal 
reflex. All other pupil dilatations are produced by parasympathetic activity. 

In a report of 14 cases Casanovas ™! describes Adie’s syndrome and reviews 
the literature. 

The course of the fibers of intrinsic motility, the pupillomotor fibers in the third 
nerve, with anatomic and histologic study and pathologic description is presented 
by Lazorthes, Pigasson, and Gaubert."* The oculomotor nerve conveys fibers 
(constrictoparasympathetic) to the intrinsic eye muscles, which, because of their 
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surface location and vulnerability, are liable to pressure from the clinoid process 
and posterior cerebral and posterior communicating arteries. These points of 
contact and, in addition, the free rim of the cerebellar tentorium are the locations 
where the oculomotor nerve is compressed by increased intracranial pressure from 
above or from below (see section on trauma). 

Mancall '** reports a case of opticociliary neuritis, a combination of optic 
neuritis and internal ophthalmoplegia. The question as to the location of the 
lesion, or possibly two lesions, is discussed. The effect of retrobulbar injection 
of procaine on the optic nerve is described by Carroll and de Roetth.“* There is 
reduction of vision within a few minutes after injection. No harmful effects are 
noted. Hilding '*’ reports reduced intraocular tension after retrobulbar injection. 
He also found reduction of vision and visual fields. In a discussion of the phar- 
macodynamics of the ciliary ganglion Weinstein '* states that pupillomotor and 
vasomotor fibers have synapses in the ciliary ganglion. Inhibition of the ganglion 
function produces dilated pupil, paralyzed accommodation, and decreased intra- 
ocular pressure. 

In a series of experiments on the eyes of cats, Melton, Purnell, and Brecher '* 
found that the radial ciliary muscles responded to parasympathetic and sympathetic 
stimulation in opposite directions; so the action of accommodation can be ex- 
plained, at least in part, by the direct action of these autonomic nerves on the 
radial muscle fibers of the ciliary body. 


Nystagmus 

Piesco '** discusses the clinical significance of nystagmus. He states that if 
it is spontaneous in only one direction or is due to vestibular hyperexcitability 
it is of no diagnostic value. It is strongly suggestive of a midline lesion in the 
posterior fossa (a) if the nystagmus is spontaneous in several directions, (b) if 
there is also conjugate deviation of the eyes, (c) if there is positional or perverted 
nystagmus, and (d) if the rapid component is absent in induced nystagmus. 

Disturbances of caloric and optokinetic nystagmus associated with localized 
lesions in the cerebral hemispheres are discussed by Carmichael, Dix, and Hall- 
Neurogenic nystagmus is described in a monograph by Ohm,'*® who 
discusses types of vestibular, ocular, and optokinetic nystagmus, congenital and 
acquired. There is an excellent description of the anatomy and function of the 
brain stem. 

Forsythe '*! presents five patients with congenital hereditary vertical nystag- 
mus, a condition which is very rare. The actual type and site of the lesion 
producing the condition is not known, Westheimer '** presented a case of volun- 
tary nystagmus, which was produced only with marked convergence. One can 
recall that retraction nystagmus is also produced with marked effort of con- 
vergence, and so the lesion producing this symptom may lie in the hypothalamus 
or upper midbrain. Nathanson, Bergman, and Bender '** describe monocular 
nystagmus and suggest the anatomical site for a lesion producing these conditions. 
Three cases are presented and discussed in detail. The nystagmus was stopped by 
barbiturates and closing the eyes. It was not affected by darkness. Induced vesti- 
bular and ocular nystagmus gave no constant findings. 

The physiology of optokinetic nystagmus is discussed by Mackensen.’* He 
states that the amplitude and frequency estimations are only of value in the median 
range of oscillation. With nystagmographic studies, Aschan and Bergstedt 
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describe nonvestibular nystagmus. They describe ocular movements produced by 
the eye, optic nerve, and muscles and by central nervous connections. The 
nystagmus is divided into fixation and gaze types. Fixation nystagmus disappears 
in the absence of fixation, whereas vestibular nystagmus becomes more pro- 
nounced, Induced vestibular nystagmus with fixation nystagmus has two patterns ; 
induced vestibular nystagmus with spontaneous vestibular nystagmus has but one. 
Spontaneous vestibular nystagmus can be revealed by terminating fixation, thus 
abolishing fixation nystagmus. Bjérk'*® describes the pattern of electromyo- 
graphic studies of the extraocular muscles in optokinetic nystagmus and in reading. 
He states that an increase of activity in the agonist and a concomitant inhibition 
of activity in its antagonist are the usual findings. Electromyographic studies 
consistently demonstrated this in reading, movement of gaze, and nystagmus. 

Under the section on trauma see a discussion of optokinetic nystagmus in 
patients with cranial trauma. 


Kleiner and Roelofs '7 have written an interesting book on optomotor reflexes 
and nystagmus, in which they present new concepts. Some of the studies are 
based, in part, on 55 cases with various forms of nystagmus. 


Intracranial Tumors 


An important review by O’Rourke and Schlezinger '"* of a series of patients 
with a variety of brain tumors gives percentages of occurrences compared with 
those of Cushing. The discrepancy is obviously due to the fact that patients 
with predominantly eye symptoms are usually first seen by an ophthalmologist 
and those with other neurologic symptoms foremost are seen by the neurologist 


or neurosurgeon, There is an excellent description of clinical symptoms produced 
by the various tumors. 

In a study of ocular manifestation of lethal midline granuloma, Cutler '*® 
described two cases. Birge ° discusses meningiomas as an ophthalmologic prob- 
lem. He states that frequently the earliest symptoms are field changes, usually 
homonymous hemianopsia and unilateral optic atrophy. 

In a review of 156 cases, Chamlin, Davidoff, and Feiring '®' discuss changes 
produced by pituitary adenomas, eosinophilic and basophilic, and craniopharyngio- 
mas. The authors list and describe ophthalmologic symptoms, the most frequent 
being visual field defects and optic atrophy with loss of central visual acuity. 
Del Castillo 1? also describes ocular symptoms of hypophyseal affections. 

False localizing signs of intracranial tumors are discussed by Dodge, Clark, 
Wagener, and Hustead.’** If symptoms appear before increased intracranial 
pressure develops they are usually of localizing value. If they are found after 
increased pressure, further study is necessary and the symptoms or signs may 
be of no localizing or diagnostic value; in fact, they may be of false localizing 
value. Examples are abducens involvement from displacement of the brain stem 
and oculomotor paralysis from displacement of the uncus of the temporal lobe. 

A syndrome of increased intracranial pressure without localizing signs is 
described by Berg, Rosomoff, Aronson, Siebermann, and Pool,’®* in which the 
only symptoms are headache and papilledema. False signs as the results of 
increased pressure may lead to confusion. In this series lateralizing tumors pre- 
dominate, although midline obstructive lesions and serous meningitis are usually 
reported as the cause of this syndrome. Ventriculography and arteriography and 
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other aids may establish the proper diagnosis. Once again, the plea is for early 
consultation, which may reveal symptoms leading to proper diagnosis. 


Syndromes 


Syndrome articles are collected under this heading, although they might very 
well be separated and assigned to the section or structure predominately affected. 
A few are so included. However, it is thought best, as they combine a number 
of symptoms, frequently of diverse nature and involving separated structures, to 
group them here. 

The Foster-Kennedy syndrome and its etiology are well described by Francois 
and Neetens,’®* and its incidence is discussed by Diez. Albert and Aznorez '* 
present a patient with edematous intracanalicular optic neuritis and state that the 
Foster-Kennedy syndrome should not be considered pathognomonic of intra- 
cranial lesions. Frezzotti,'®* in his discussion of the localizing value of the Foster- 
Kennedy syndrome, emphasizes the point that the lesion is not always on the side 
of the greatest optic atrophy. 

Feldman, Landau, and Halpern '* describe a case with papilledema, a symptom 
of rare occurrence, which continued for 18 months in a patient with Guillain- 
Barré syndrome. The authors believe that this is probably due to increased 
protein content of cerebral spinal fluid with defective absorption. 

Syndromes of the cavernous area are described by Bonnet,’ with irivolvement 
of the internal carotid artery, venous plexus, Gasserian ganglion and its branches, 
and nerves to the ocular muscles. Abrahamson and Bell '®' describe the carotid 
cavernous fistula syndrome. 

Raeder’s paratrigeminal syndrome is described by Cristini."® The lesion is 
located in the midcranial fossa, involving the sympathetic fibers in the carotid- 
Gasserian tract, and is characterized by anesthetic neuralgia of the ophthalmic 
division and a spurious Claude Bernard-Horner syndrome. The lesion may extend 
to involve other cranial nerves and may produce a pure Claude Bernard-Horner 
syndrome. 

Nonnenmacher '®* describes the syndromes of Sturge-Weber, Klippel- 
Trenaunay, and Parks-Weber, all of which are related, showing hereditary 
abnormalities of the vascular system in organs of ectodermal origin. Cogan and 
Adams ™* describe Balint’s syndrome with ocular motor apraxia, collecting a 


series of 14 reported cases. Lebensohn’® describes a case of Parinaud’s syn- 
drome. The paralysis of vertical gaze was produced by obstetrical trauma. Re- 
covery occurred. 

Haynes '® made a quantitative investigation of the Marcus-Gunn phenomenon 
and suggests a possible cause, which he believes may be aberrant association of 
the trigeminal and oculomotor nerves or a lesion in the fibers in the brain stem 
innervation of the motor nuclei controlling vertical gaze. 


Mobius snydrome, congenital oculofacial paralysis or facial diplegia, is dis- 
cussed by Sprofkin and Hillman,’ by Bedrossian and Lachman,'®* and by 
Evans.’ The etiology is considered—whether it be nuclear aplasia or hypoplasia, 
nuclear degeneration, or muscular aplasia. Nisenson, Isaacson, and Grant !™ 
report three cases with bilateral abductor and facial paralysis. 

Gougnard-Rion and Paris'™! present a case of heterochromia with Claude 
Bernard-Horner syndrome. Heterochromia appears to be more frequent in con- 
genital lesions. The significance of temporary and alternating ptosis, miosis, and 
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anhidrosis is related by Freeman and Russell,’"* who describe a patient with 
cystic cavitation in the cervical cord resulting from trauma. When the cavity is 
filled, Horner’s snydrome is produced; when it is emptied by drainage or change 
of position, the syndrome disappears. 

Pallis and Fudge '™* describe the neurological complications of Behcet's syn- 
drome with ulcerative mouth and genital lesions. The eye symptoms are iritis 
and uveitis with intraocular hemorrhage and, less frequently, optic neuritis. Brain 
stem symptoms are present, with paralysis of ocular muscles for both version and 
duction. Meningeal or encephalitis symptoms may occur with confusion. 


Adie’s syndrome is discussed under Pupil. 


Trauma 


Trauma plays a considerable role in neuro-ophthalmology. Head injuries are 
seldom without damage to the ophthalmologic structures. Even remote body 
injuries, through various causes, produce serious visual disturbances. Neck or 
cervical injuries (whiplash) are on the increase. For these reasons | believe that 
trauma warrants a section of its own. 

There are several reports on optic nerve lesions in head injuries. Landolt,'"* 
in a report of 19 cases of fracture of the lesser wing of the sphenoid, states that 
the wall of the optic foramen is involved in 75% of the cases, producing direct 
trauma and/or edema and hemorrhage in the optic nerve or hemorrhage in the 
nerve sheath. Brihaye '*® writes of lesions of the optic nerve in closed trauma to 
the skull, giving a review of the anatomy and various types of trauma, mechanical 
and vascular, with suggestions as to treatment. 

Traumatizing damage to the chiasm, reported by Zintz,’7 results in sagittal 


tears and not injury by bone spicules. Field defects show bitemporal loss as the 
rule, although binasal loss may occur if the vessels situated lateral to the chiasm 
are involved. This report recalls the study of Evans and Browder **7 in 1944, 
who described the problem of split macula. 


A case of post-traumatic cortical blindness is presented by Rosenberg.'™* In 
this patient the pupils reacted normally; the fundi were normal. The symptoms 
were anosognosia with confabulation, poor appreciation of objects in space, poor 
recollection of color, and incomplete right hemianopsia. 

In an article on ocular palsies and automobile accidents Hambresin '” states 
that the third nerve is most frequently affected, being damaged at the petrosphe- 
noidal ligament (Grubers’ ligament) or at the posterior clinoid process. In a 
series of cases he found Horner’s syndrome was produced in 14.89. Visual 
disturbances were rare. Lazorthes'™ discusses total paralysis of the third nerve 
with unilateral mydriasis in cranial trauma with temporal involvement. He states 
that the usual cause is pressure of the nerve against the posterior clinoid. In 
my studies '*! it was found that most frequently the oculomotor nerve would 
be compressed against the edge of the rigid shelf of the cerebellar tentorium by 
the uncus of the temporal lobe in transtentorial herniation following injury which 
had produced edema and hemorrhage in the temporal lobe. Occasionally the brain 
stem would be pressed upward against the tentorial rim by a space-consuming lesion 
below to produce oculomotor damage. 

Anderson '*? discusses optokinetic nystagmus in patients with cranial trauma, 
stating that a unilateral absence of optokinetic nystagmus is a valuable finding, 
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as it renders certain diagnosis of a lesion in one cerebral hemisphere if hemi- 
anopsia or other clinical symptoms are present. 

Injuries of the trigeminal nerve, its ganglion, and its divisions are discussed 
by Jefferson and Schorstein,’™* who reported a study of 66 cases. Neuroparalytic 
keratitis was recorded in only a small proportion. 

So-called whiplash injuries, produced by a jerking of the head backward 
from a sudden bump from behind, are becoming more prevalent with the increase 
of automobile accidents. The ophthalmologic symptoms are discussed by Middle- 
ton.'** Damage to the cervical sympathetics produces Horner's syndrome or 
sympathetic ophthalmoplegia. Occasionally trauma to the brain stem or cervical 
cord may involve the sympathetic fibers along with other cranial nerves and motor 
sensory tracts. Visual complaints and considerable mental disturbance are often 
present, with stiff neck muscles, occipital pain, and tenderness. 


Miscellaneous 


Herpes zoster ophthalmicus occurs rarely during early childhood. Poulsen '** 
found only 18 reported cases of patients under 12 years of age. The condition 
usually runs a benign cou:se in children. Albert and Aznarez'** tell of neuro- 
paralytic keratitis following operation for trigeminal neuralgia. The authors 
believe, and | concur in their assumption, that the condition is a manifestation 
of atrophic disturbance in the sympathetic innervation of the cornea. They 
advise systemic vitamin therapy and local protective medication. In my experience, 
we thought it best to use artificial tears of some sort if the Schirmer test indicated 
reduced lacrimation, as it often did. We thought amino acid ointment, containing 
nutrient chemicals, might be of some benefit for local use. Why some eyes went 
on to total destruction and others suffered slight annoyance for a week or two, 
from the same operation, we were unable to determine. Cortisone is recommended 
in the treatment of herpes zoster ophthalmicus by Scheie and Alper,'*? who have 
witnessed rapid improvement with suppression of inflammation. However, this 
treatment is not curative. 

One hundred cases of Bell’s palsy are reported by Taverner,'** who finds that 
the prognosis can be determined by electromyographic study. Failures show 
fibrillation on the electromyogram and display erroneous associated movements, 
contraction of the face, crocodile tears, and bursts of blinking. The etiology 
remains obscure. The cause, according to Taverner, may be a severe widespread 
parenchymatous neuritis. Unger’*® stresses the importance of recognizing the 
fact that Bell’s palsy, and affection of other cranial nerves, may be symptoms 
of poliomyelitis. 

In a discussion of physiological abnormalities in agenesis of the corpus 
callosum, Russell and Reitan'*” list impaired visuomotor coordination with im 
paired intelligence and emotional instability. 

The condition of porencephaly is reviewed and discussed by Alper and 
Dessoff,!®' who present one case. They state that the condition may be differ- 
entiated and diagnosed by pneumoencephalography or ventriculography. 

Laitinen, Miettinen, and Sulamaa ' write of ophthalmological observation in 
craniosynostosis, in which exophthalmos and strabismus due to deformities and 
papilledema, caused usually by increased intracranial pressure, are frequent find- 
ings. Optic atrophy and blindness usually results if there is not early surgical 
intervention. 
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Yourish, Wollin, and Nathaniel '®* note increasing reports of vascular neo- 
plasms as causative factors in syringomyelia. Dilated and tortuous conjunctival 
and retinal veins were noted in the case they presented with a saccular aneurysm 
in the fundus of the right eye. Horner’s syndrome and rotatory nystagmus were 
also present. 

Tuberous sclerosis is discussed by Pagenstecher,!% who gives a_ historic 
review and presents two cases of this congenital syndrome, which includes affec- 
tions of the skin, nervous system, and eyes predominately, with less frequently 
involvement of the internal organs of the body. 

The ocular sequelae resulting from tuberculous meningitis pose new problems, 
according to Mooney.’” This is due to the remarkable results in the treatment 
of this dreaded disease. The patient, who now survives, may be left with tuber- 
culous arachnoiditis, which requires treatment if vision is to be saved. 

Jefferson ' discusses the clinical correlation between encephalopathy and 
papilledema in Addison's disease. He states that suprarenal failure is causally 
related to edema of the brain and papilledema. 

There are a number of articles on exophthalmos. Smelser and Ozanics 1% 
discuss the nature of the exophthalmos-producing principles in pituitary extracts 
and the possibility of other factors as causative agents. Hedges and Scheie '®* 
tell of visual field defects in exophthalmos associated with thyroid disease. Re- 
porting six cases, they believe that the field loss is primarily due to optic nerve 
involvement in the orbit as the result of pressure. Oculomotor disturbance, 
particularly paralysis of one or both superior recti muscles, is related by Borner.* 
Visual changes in progressive exophthalmos are described by Igersheimer,?® who 
believes that direct pressure on the optic nerve or to its nutrient vessels accounts 
for the field defect and visual loss. Hypophysectomy for malignant edematous 
exophthalmos is discussed by Albeaux-Fernet, Guiot, Braun, Cauvin, and 
Romani.*”! 

The ocular significance of intracranial calcium deposits is presented by Alfano 
and White,*°* who describe the various normal and abnormal conditions in which 
these deposits occur, with description of the disease and location. 
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Poliomyelitis, Confinia neurol. 15:154-161, 1955. 

103. Piper, H. F.: Congenital Gaze Paralysis as a Fixation of Primary Functions, Klin. 
Monatsbl. Augenh. 126 :731-739, 1955. 

104. Uretts-Zavalia, A., Jr.: Significance of Congenital Cyclo-Vertical Motor Defects of 
the Eyes, Brit. J. Ophth. 29:11-20 (Jan.) 1955. 

105. Solbach, A., and Schmitz, E.: On Vertical Gaze Palsy, Ztschr. Nervenheilk. 11 :312- 
329, 1955. 

106. Fuldner, R. V.: Cerebral Palsy: Where Next? A.M.A. Arch. Neurol. & Psychiat. 
74 :267-279 (Sept.) 1955. 

107. Breakey, A. S.: Ocular Findings in Cerebral Palsy, A.M. A. Arch. Ophth. 53 :852-856 
(June) 1955. 

108. Francois J., and De Rouck, A.; Electro-Oculographic Study in Ocular Palsies, Bull. 
Soc. belge opht. 109 :23-49 (Feb.) 1955. 

109. Fang, H. C. H., and Palmer, J. J.: Vascular Phenomena Involving Brainstem Struc- 
tures: A Clinical and Pathologic Correlation Study, Neurology 6:402-419 (June) 1956. 

110. Siekert, R. G., and Millikan, C. H.: Syndrome of Intermittent Insufficiency of the 
Basilar Arterial System, Neurology 5 :625-630 (Sept.) 1955. 

111. Kearns, T. P.; Wagener, H. P., and Millikan, C. H.: Bilateral Homonymous 
Hemianopsia: Relationship to Thrombosis of the Basilar Artery, A.M.A. Arch. Ophth. 
53:560-565 (April) 1955. 

112. Guibor, G. P.: Cerebral Palsy: A Practical Routine for Discerning Oculomotor De- 
fects in Cerebral Palsied Children, J. Pediat. 47 :333-339 (Sept.) 1955. 

113. Remky, H.: The Pathogenesis of Ophthalmoplegic Migraine, von Graefes Arch. 
Ophth. 155 :518-524, 1954. 

114. Bonnet, P.: Paralysis of the External Oculomotor Nerve: Symptomatology, J. méd. 
Lyon 36 :505-546 (July 5) 1955. 

115. Bedrossian, E. H.: Sixth-Nerve Palsy with Past-Pointing to the Opposite Side, 
Am. J. Ophth. 40:899-900 (Dec.) 1955. 

116. Love, J. G., and Hollenhorst, R. W.: Bilateral Palsy of the 6th Cranial Nerve Caused 
by a Cyst of the Septum Pellucidum (5th Ventricle) and Cured by Pneumoencephalography, 
Proc. Staff Meet. Mayo Clin. 31 :43-46 (Jan. 25) 1956. 
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117. Ferguson, F. R.; Hutchinson, E. C., and Liversedge, L. A.: Myasthenia Gravis: 
Results of Medical Management, Lancet 2:636-639 (Sept. 24) 1955. 

118. Francois, J.; Begaux, C.; Decock, G.; Stefens, R., and De Rouck, A.: Ocular Symp- 
toms of Myasthenia, Acta. neurol. et psychiat. belg. 55 :321-343 (April) 1955. 

119. Genis Galvez, J. M.: A Case of Myasthenia Gravis with Retraction of the Lid, Arch. 
Soc. oftal. hispano-am. 14:1412-1416 (Dec.) 1954. 

120. Boruchoff, S. A., and Goldberg, B.: Edrophonium (Tensilon) in Diagnosis of Ocular 
Myasthenia Gravis, A. M. A. Arch. Ophth. 53:718-719 (May) 1955. 

121. Breinin, G. M.: The Nature of Vergence Revealed by Electromyography, A. M. A. 
Arch. Ophth. 54 :407-409 (Sept.) 1955. 

122. Cogan, D. G., and Freese, C. G., Jr.: Spasm of the Near Reflex, A.M.A, Arch. 
Ophth. 54 :752-759 (Nov.) 1955. 

123. Alfano, J. E.: Spasm of Fixation, Am. J. Ophth. 40:724-730 (Nov., pt. 1) 1955. 

124. Pascal, J. I.: Effect of Version and Vergence Movements on Ocular Torsion, Am. J. 
Ophth. 40 :735-737 (Nov., pt. 1) 1955. 

125. Thiel, R.: Eye and Midbrain, Stuttgart, Ferdinand Enke, 1956, p. 209. 

126. Schmerl, E.: Light Stimulation and the Diencephalon, Klin. Monatsbl. Augenh. 126: 
598-607, 1955. 

127. Lowenstein, O.: Benign Postinfectious Disorder of Anterior Midbrain: Alternating 
Contraction Anisocoria, Combined with General Fatigue and Peripheral Neuritis, A.M. A. 
Arch. Neurol. & Psychiat. 73 :302-308 (March) 1955. 

128. Lowenstein, O.: Pupillary Reflex Shapes and Topical Clinical Diagnosis, Neurology 
5 :631-644 (Sept.) 1955. 

129. Lowenstein, O.: Pupillography: Methods and Diagnostic System, A.M.A. Arch. 
Ophth. 55:565-571 (April) 1956. 

130. Arieff, A.: Pathway for Darkness and Reflex Pupillary Dilatation, Am. J. Ophth. 
40:119-120 (July) 1955. 

131. Casanovas, J.: Pupillatonia, Arch. Soc. oftal. hispano-am. 15:1015-1026 (Sept.) 1955. 

132. Lazorthes, M. G.; Pigasson, P., and Gaubert, M. J.: The Course of the Fibers of 
Intrinsic Motility (Pupillo-Motor Fibers) in the Third Nerve, Bull. Soc. belge opht. 109: 
16-22, 1955. 

133. Mancall, I. T.: Opticociliary Neuritis, A. M. A. Arch. Ophth. 54:436-437 (Sept.) 1955. 

134. Carroll, F. D., and de Roetth A., Jr.: The Effect of Retrobulbar Injections of Procaine 
on the Optic Nerve, Tr. Am. Acad. Ophth. 59 :356-365 (May-June) 1955. 

135. Hilding, A. C.: Reduced Ocular Tension After Cataract Surgery, A. M. A. Arch, Ophth. 
53 :686-693 (May) 1955. 

136. Weinstein, P.: Pharmacodynamics of the Ciliary Ganglion, Am. J. Ophth. 40 :202-204 
(Aug.) 1955. 

137. Melton, C. E.; Purnell, E. W., and Brecher, G. A.: The Effect of Sympathetic Nerve 
Impulses on the Ciliary Muscle, Am. J. Ophth. 40:155-162 (Nov., pt. 2) 1955. 

138. Piesco, J. S.: Nystagmus: Its Clinical Significance, Arch. chilen. oftal. 12:7-32 
(June) 1955. 

139. Carmichael, E. A.; Dix, M. R., and Hallpike, C. S.: Disturbances of Caloric and 
Optokinetic Nystagmus Associated with Localized Lesions of the Cerebral Hemispheres, J. 
Laryng. & Otol. 69:269-276 (April) 1955. 

140. Ohm, J.: Neurogenic Nystagmus, Stuttgart, Ferdinand Enke, 1955, p. 134. 

141. Forsythe, W. I.: Congenital Hereditary Vertical Nystagmus, J. Neurol. Neurosurg. 
& Psychiat. 18:196-198 (Aug.) 1955. 

142. Westheimer, G.: A Case of Voluntary Nystagmus, Ophthalmologica 128 :300-303, 1954. 

143. Nathanson, M.; Bergman, P. S., and Bender, M. B.: Monocular Nystagmus, Am, J. 
Ophth. 40 :685-692 (Nov., pt. 1) 1955. 

144. Mackensen, G.: The Physiology of Optokinetic Nystagmus, von Graefes Arch. Ophth. 
156 :535-546, 1955. 

145. Aschan, G., and Bergstedt, M.: Non-Vestibular Nystagmus: A Nystagmographic In- 
vestigation, Acta. Soc. med. upsal. 60:1-13 (April 15) 1955. 

146. Bjork, A.: The Electromyogram of the Extraocular Muscles in Optokinetic Nystag- 
mus and in Reading, Acta ophth. 33 :437-454, 1955. 

147. Kleiner, G. B., Jr., and Roelofs, C. O.: Optomotor Reflexes and Nystagmus, Graven- 
hage, Martinus Nijhoffs Boekhandel en Uitgevers Maatij, 1955, p. 224. 


787 


Pe 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


148. O'Rourke, J. F., and Schlezinger, N. S.: Evaluation of Ocular Signs and Symptoms 
in Verified Brain Tumors, J}. A.M. A. 157:695-700 (Feb. 26) 1955. 

149. Cutler, W. M.: The Ocular Manifestations of Lethal Midline Granuloma: Two Cases, 
Univ. Michigan M. Bull. 21:220-228 (July) 1955. 

150. Birge, H. L.: Meningiomas: An Ophthalmic Problem: Diagnosis and Results of 
Treatment, Am. J. Ophth. 39 :828-838 (June) 1955. 

151. Chamlin, M.; Davidoff, L. M., and Feiring, E. H.: Ophthalmologic Changes Produced 
by Pituitary Tumors, Am. J. Ophth. 40 :353-368 (Sept.) 1955. 

152. del Castillo, C.: The Hypophysis and the Eyeball, Arch. Soc. oftal. hispano-am. 
15 :637-658 (june) 1955. 

153. Dodge, H. W., Jr.; Clark, E. C.; Wagener, H. P., and Hustead, A. P.: Certain False 
Localizing Signs of Intracranial Tumor: Report of Case, Proc. Staff. Meet. Mayo Clin. 
30 :453-461 (Oct. 5) 1955. 

154. Berg, L.; Rosomoff, H. L.; Aronson, N.; Silbermann, and Pool, J. L.: The Syndrome 
of Increased Intracranial Pressure Without Localizing Signs, A. M. A. Arch. Neurol. Psychiat. 
74 :498-505 (Nov.) 1955. 

155. Francois, J., and Neetens, A.: The Foster Kennedy Syndrome and Its Etiology, Ann. 
ocul. 188 :219-253 (March) 1955. 

156. Diez, M. A.: Incidence of the Foster Kennedy Syndrome, Rev. oto-neuro-oftal. 
29 :93-107, 1954. 

157. Albert, P., and Aznorez, J.: Foster Kennedy Syndrome Without Tumor: Edematous 
Intracanalicular Optic Neuritis, Arch. Soc. oftal. hispano-am. 15:509-515 (May) 1955. 

158. Frezzotti, R.: The Localizing Valve of the Foster Kennedy Syndrome, Boll. ocul. 
34 :498-509 (Aug.) 1955. 

159. Feldman, S.; Landau, J., and Halpern, L.: Papilledema in the Guillain-Barré syndrome, 
A.M.A. Arch. Neurol. & Psychiat. 73 :678-684 (June) 1955. 

160. Bonnet, P.: Cavernous Area and Its Syndromes, Arch. opht. 15 :357-372, 1955. 

161. Abrahamson, I. A., Jr., and Bell, L. B., Jr.: Carotid-Cavernous Fistula Syndrome, 
Am. J. Ophth. 39:521-526 (April, pt. 1) 1955. 

162. Cristini, G.: Raeder’s Para-Trigeminal Syndrome of the Ocular Sympathetic Nerve, 
Riv. oto-neuro-oftal. 30:1-10 (Jan.-Feb.) 1955. 

163. Nonnenmacher, A.: Oculist’s Views on the Sturge-Weber, Klipple-Trenaunay, and 
Parks-Weber Symptom Complex, Klin. Monatsbl. Augenh. 126:154-164 (Feb.) 1955. 

164. Cogan, D. G., and Adams, R. D.: Balint’s Syndrome and Ocular Motor Apraxia, 
A.M.A. Arch, Ophth. 53:758 (May) 1955 

165. Lebensohn, J. E.: Parinaud’s Syndrome: From Obstetric Trauma with Recovery, Am. 
J. Ophth. 40:738-740 (Nov., pt. 1) 1955 

166. Haynes, P. R.: A Quantative Investigation of the Marcus-Gunn Phenomenon, Am. J. 
Optometry 32:621-629 (Dec.) 1955. 

167. Sprofkin, B. E., and Hillman, J. W.: Moebius’s Syndrome—Congenital Oculofacial 
Paralysis, Neurology 6:50-54 (Jan.) 1956. 

168. Bedrossian, E. H., and Lachman, B. E.: Congenital Paralysis of 6th and 7th Nerves: 
Congenital Facial Diplegia, Congenital Oculofacial Palsy, Mobius Syndrome, A. M. J. Ophth. 
41 :304-308 (Feb.) 1956 

169. Evans, P. R.: Nuclear Agenesis: Mobius Syndrome; The Congenital Facial Diplegia 
Syndrome, Arch. Dis. Child. 30:237-243 (June) 1955, 

170. Nisenson, A.; Isaacson, A., and Grant, S.: Mask-like Facies with Associated Con- 
genital Anomalies (Mobius Syndrome), J. Pediat. 46:225-261 (March) 1955. 

171. Gougnard-Rion, C., and Paris, L.: Heterochromia in the Syndrome of Claude 
Bernard-Horner, Arch. opht. 14 :802-805, 1954. 

172, Freeman, L. W., and Russell, J. R.: The Significance of Temporary and Alternating 
Ptosis, Miosis and Anhidrosis, J. Neurosurg. 12:584-590 (Nov.) 1955 

173. Pallis, C. A., and Fudge, B. J.: The Neurological Complications of Behcet's Syn- 
drome, A.M. A. Arch. Neurol. & Psychiat. 75:1-14 (Jan.) 1956. 

174. Landolt, E.: Optic Nerve Lesions in Trauma of the Skull, Acta neurochir. 4:128-142 
(Feb.) 1955 

175. Brihaye, J.: Lesions of the Optic Nerves in Closed Trauma to the Skull, Acta chir. 
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176. Zintz, R.: Traumatic Damage to the Chiasm, Klin. Monatsbl. Augenh. 127 :539-546, 
1955. 

177. Evans, J. N., and Browder, J.: A Problem of Split Macula: Study of the Visual 
Fields, Arch. Ophth. 31 :43-53 (Jan.) 1944, 

178. Rosenberg, A. W.: Posttraumatic Cortical Blindness: Report of Case, Bull. Los 
Angeles Neurol. Soc. 20:92-95 (June) 1955. 

179. Hambresin, L.: Ocular Palsies and Automobile Accidents, Bull. soc. belge ophth. 
109 :49-53 (Feb.) 1955 

180. Lazorthes, G.: Total Paralysis of the Third Cranial Nerve: Unilateral Mydriasis in 
Cranial Injuries and Temporal Involvement; Anatomical Study; Pathogenetic and Practical 
Conclusions, Neuro-chirurgie 1 :52-69, 1955. 

181. Lyle, D. J.: Eye Symptoms Produced by Tentorial Herniation from Increased Intra- 
cranial Pressure, Acta XVII Conc. Ophth. (1954) 3:1845, 1955. 

182. Anderson, M.: Optokinetic Nystagmus in Patients with Cranial Trauma, Rev. infort. 
mal. proff. 41 :944-947, 1954. 

183. Jefferson, G., and Schorstein, J.: Injuries of the Trigeminal Nerve, Its Ganglion and 
its Divisions, Brit. J. Surg. 42:561-581 (May) 1955. 

184. Middleton, J. M.: Ophthalmological Aspects of Whiplash Injuries, Internat. Rec. Med. 
169 :19-20 (Jan.) 1956. 

185. Poulsen, P. A.: Zoster Ophthalmicus, Acta med. scandinay. 151:131-134, 1955. 

186. Albert, P., and Aznarez, J.: Neuroparalytic Keratitis with Recovery, Arch. Soc. 
oftal. hispano-am. 15 :274-286 (March) 1955. 

187. Scheie, H. G., and Alper, M. C.: Treatment of Herpes Zoster Ophthalmicus with 
Cortisone or Corticotropin, A. M. A. Arch, Ophth. 53:38-44 (Jan.) 1955. 

188. Taverner, D.: Bell’s Palsy: A Clinical and Electromyographic Study, Brain 78 :209-228, 
1955. 

189. Unger, M.: Bell’s Palsy and Poliomyelitis, Eye, Ear, Nose & Throat Month. 34: 
501-507 ( Aug.) 1955 

190. Russell, J. R., and Reitan, R. M.: Psychological Abnormalities in Agenesis of the 
Corpus Callosum, J. Nerv. & Ment. Dis. 121 :205-214 (March) 1955. 

191. Alper, M. G., and Dessoff, J.: Porencephaly, A. M. A. Arch. Ophth, 54:541-547 (Oct.) 
1955. 

192. Laitinen, L.; Miettinen, P., and Sulamaa, M.: Ophthalmological Observations in 
Craniosynostosis, Acta ophth, 34:121-132, 1956. 

193. Yourish, N.; Wollin, N., and Nathaniel, A.: A Case of Syringomyelia: Associated 
with Vascular Anomalies of the Eyes, Am. J. Ophth. 39 :728-730 (May) 1955. 

194. Pagenstecher, W. J.: Tuberous Sclerosis: Historical Review and Report of 2 Cases, 
Am. J. Ophth. 39 :663-676 (May) 1955. 

195. Mooney, A. J.: Some Ocular Sequelae of Tuberculous Meningitis: A Preliminary 
Survey, 1953-1954, Am. J. Ophth. 41 :753-768 (May) 1956. 

196. Jefferson, A.: Clinical Correlation Between Encephalopathy and Papilloedema_ in 
Addison’s Disease, J. Neurol. Neurosurg. & Psychiat. 19:21-27 (Feb.) 1956. 

197. Smelser, G. K., and Ozanics, V.: Further Studies on the Nature of the Exophthalmos- 
Producing Principles in Pituitary Extracts, Am. J. Ophth. 39:146-155 (Feb., pt. 2) 1955. 

198. Hedges, T. R., Jr, and Scheie, H. G.: Visual Field Defects in Exophthalmos Asso- 
ciated with Thyroid Disease, A. M. A. Arch. Ophth. 54:885-892 (Dec.) 1955. 

199. Borner, R.: Oculomotor Disturbances in Endocrine Exophthalmos, Klin. Monatsbl. 
Augenh. 127 :403-411, 1955 

200. Igersheimer, |.: Visual Changes in Progressive Exophthalmos, A. M. A. Arch, Ophth. 
53 :94-104 (Jan.) 1955 

201. Albeaux-Fernet, M.; Guiot, J.; Braun, S.; Cauvin, R., and Romani, J. D.: Malignant 
Edematous Exophthalmos Treated by Hypophysectomy, Bull. Soc. méd. hép. Paris 71 :220-231, 
1955. 

202. Alfano, J. E., and White, H.: The Ocular Significance of Intracranial Calcium 
Deposits, A. M. A. Arch. Ophth. 54:77-91 (July) 1955 


Correspondence 


AQUEOUS HUMOR OUTFLOW: AN EXPERIMENTAL STUDY 
USING RADIOPAQUE MATERIALS 


To the Editor.—In the June, 1956, issue of the Arcuives Mr. Bruce Cohan pub- 
lished a paper on his experiments using radiopaque materials to follow the outflow 
of aqueous from the anterior chamber of rabbits. 

Mr. Cohan is a very bright young man and his advisors at the University 
of Michigan are most able. These sort of experiments are certainly needed. The 
trouble in this case is that he set out to prove a theory that may or may not be 
true. He wanted to show that the aqueous is eliminated through the “aqueous 
veins” and therefore his interpretation of the obtained images is biased. To in- 
terpret this sort of indefinite image is very difficult anyway and imagination plays 
an unduly great role. It may be made from entirely different points of view and 
so lead to entirely different results. 

[ happened to be present at the Toronto meeting where he projected these 
photographs on the screen, making them better visible than the published repro- 
ductions in the Arcnuives. There | pointed out that on Mr. Cohan’s eight-minute 
film the opaque material flows into the cilioscleral sinus at several places, in far 
wider patches than 10 “aqueous veins” put together. On his 30-minute film a 
clear band was seen between the opaque material in chamber and a similar opaque 
band resembling the position and width of the ciliary body. This can be interpreted 
as proof that the opaque material is taken up by the vascular bed of the ciliary 
body, and not by the “aqueous veins.”” That some of this material found its way 
into the “aqueous veins” is possible. But that the main outflow is not through 
these channels is very probable. 

If we shall set out to prove or disprove certain theories we shall be misled 
by our ardent desire to do so and will suggest ourselves the wrong interpretation 
of our results. We must fight off the human element of wishful thinking and try 
to find the truth which is evasive and mysterious. 


FraNK A. Vesey, M.D. 
Toledo 10, Ohio 
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Obituaries 


DR. HENRY COOPER HADEN 
1873-1956 


Henry Cooper Haden was born in Galveston, Texas, Dec. 7, 1873, the son of 
Dr. John M. Haden and Sarah Brannum Haden. He died April 24, 1956, after a 
lingering illness. 

Dr. Haden’s father was a medical officer in the Confederate Army and for a 
while served as Surgeon-General. Dr. Haden took great pride in a framed testi- 
monial to his father signed by hundreds of Galveston people in appreciation of 
his being able to keep yellow fever out of the city when it was in all the neighbor- 
ing cities. Much of Henry’s boyhood was spent in Tennessee, where he attended 
Sewanee Military Academy as a schoolmate of the late Dr. Edward C. Ellet. 


HENRY COOPER HADEN, MLD. 
1873-1956 


Dr. Haden graduated in medicine at the University of Pennsylvania in 1895. 
There he came under the influence of Dr. George de Schweinitz and worked as 
his assistant several years. After a period of study in Vienna he returned to 
Galveston as Head of the Department of Ophthalmology and Otolaryngology 
at the University of Texas Medical School. In 1917 Dr. Haden entered the Army 
and was made Chief of the Division of Ophthalmology at Walter Reed Hospital. 
After the armistice he moved to Houston, where he practiced until his retirement. 
During these years of active practice Dr. Haden devoted all his spare time to re- 
search on embryology of the eye. He enriched the literature by many contribu- 
tions on the development of the human eye and adnexa, among them the Sixth 
de Schweinitz Lecture and an address before the St. Louis Ophthalmic Society. 
His earlier writings concerned the early diagnosis of glaucoma, a subject in which 
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he was always vitally interested. Dr. Haden possessed one of the finest collections 
of slides of embryological specimens in the world. He left these to the Department 
of Ophthalmology of Baylor University College of Medicine, in which he had 
been greatly interested. Dr. Haden was a member of all his local and state 
societies as well as the American Academy of Ophthalmology and Otolaryngology 
and the American College of Surgeons. He was a member for many years of the 
American Ophthalmological Society and served as its president in 1947-1948. 
Henry Haden, or “Harry,” as his intimate friends knew him, insisted on the 
highest standard of ethics in medicine, and he made no compromises. Beneath a 
dignified and at times austere manner beat the kindest of hearts. One had to know 
this man well to appreciate the fineness of his character. It was my privilege to 
know him intimately and to call him friend. The thousands of patients who 
grieved over his retirement and death attest to the hold he had upon his people. 
Dr. Haden married Blanche Randall in Trinity Church in Galveston Dec. 31, 
1902, the church in which he was christened, confirmed, and from which he was 
buried. He is survived by Mrs. Haden, a daughter, Mrs. Albert Bel Fay, and 
three grandchildren. 
Everett L. Goar, M.D. 
Houston, Texas 
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News and Comment 


ANNOUNCEMENTS 


Hemisphere Ophthalmologists to Hold Interim Congress in New York 
in April, 1957..-Plans are well under way for the Fourth Interim Congress 
of the Pan-American Association of Ophthalmology, which will be held in New 
York, April 7-10, 1957, with headquarters at the Hotel Statler. 

Dr. Brittain F. Payne, New York, President of the Association, and Dr. 
Moacyr E. Alvaro, Sao Paulo, Brazil, Executive Director, have announced the 
appointment ef the following local committees, with their chairmen: Program: 
Dr. John M. McLean, New York; Motion Pictures: Dr. Wendell L. Hughes, 
Hempstead, L. I.; Exhibits: Dr. Gerald E. Fonda, Short Hills, N. J.; Entertain- 
ment and Special Arrangements: Dr. Elizabeth Constantine, New York; Registra- 
tion and Housing: Dr. Girolamo Bonaccolto, New York; Press and Public 
Relations: Dr. Frank Constantine, New York. 

Acting in an advisory capacity to the planning committee are Drs. William 
L. Benedict, Rochester, Minn., Executive Secretary-Treasurer, American Acad- 
emy of Ophthalmology and Otolaryngology; Daniel Snydacker, Chicago, former 
Acting Executive-Secretary for countries North of Panama; J. Wesley McKinney, 
Memphis, present Executive Secretary for North of Panama; Conrad Berens, 
New York, Past President; Algernon B. Reese, New York, Assistant Secretary- 
Treasurer, and Franklin M. Foote, Executive Director of the National Society 
for the Prevention of Blindness. 

The Interim Congress will be a joint meeting with the National Society for 
the Prevention of Blindness. The eye specialists will hold sessions in the mornings, 
while the National Society will present its programs in the afternoon. 


Hoppin Memorial Award.—An annual prize in commemoration of the 
late Judge William Warner Hoppin has been established by his family. The prize 
is to be awarded for the outstanding paper at the Residents Meeting, Section 
of Ophthalmology, New York Academy of Medicine. The advisory committee 
of the Section is to act as judge. 

Judge Hoppin (1878-1948) was assistant United States Attorney General under 
Woodrow Wilson and was appointed Magistrate of the City of New York by 
Mayor LaGuardia. 

As a member of the Board of Visitors of the Central Islip State Hospital 
and as secretary of the New York Association for the Blind (the Lighthouse), 
he was vitally interested in the field of ophthalmologic research and prevention 
of blindness. Ironically, he died in 1948 of cancer, as a result of metastasis of 
a malignant melanoma of the choroid. 

The prize will consist of a scroll and cash award to be presented by Mrs. 
Hoppin at the fall meeting. The winning paper this year is “Carcinoma of the 
Meibomian Glands,” by Bradley Straatsma, M.D., resident at the Institute of 
Ophthalmology, College of Physicians and Surgeons, New York. 


Ophthalmology Course.-A basic course in ophthalmology will be made 
available to graduates of approved medical schools through University of Cal- 
ifornia Extension on Wednesdays from 7:00 to 9:00 p.m. next Sept. 26 through 
May 29, 1957. 

Sessions will be held in the Old Religious Conference Building, on the Los 
Angeles campus of the University. 

The course has been planned to assist candidates in preparing for the American 
Board of Ophthalmology examinations and will offer a study of the basic sub- 
jects in ophthaimology as outlined in the syllabus prepared by the American 
soard of Ophthalmology, namely: Physiological Optics and Refraction, Embryol- 
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ogy, Histology, Anatomy, Chemistry, Physiology, Neurological Ophthalmology, 
Perimetry, and Pharmacology. This course is made possible through a grant 
from the Spratt Optical Company and the Superior Optical Company. Scholar- 
ships are available without charge to all qualified eye residents who wish to 
take the course. 


Application forms for enrollment and detailed copies of class information 
are available on request to Medical Extension, University Extension, University 
of California, Los Angeles 24. 


Course on Glaucoma.—A seminar on glaucoma with particular emphasis 
on gonioscopy and the study of the anterior angle will be given at the Brooklyn 
Eye and Ear Hospital on Nov. 12, 13, and 14, 1956. Ample opportunity for 
practical instruction in the use of the gonioprism will be given, and material 
from the glaucoma clinic will be utilized. 


The course will be given by Dr. Daniel Kravitz, assisted by Dr. Mortimer A. 
Lasky, Dr. Arthur Shainhouse, Dr. A. Benedict Rizzuti, and Dr. Abner S. 
Rosenberg. 


Registration is limited to six ophthalmologists only. 
Application and the fee of $50.00 may be addressed to Dr. Daniel Kravitz, 
Brooklyn Eye and Ear Hospital, 29 Greene Ave., Brooklyn 38. 


Postgraduate Series in Ophthalmology.—A series of teaching conferences 
planned especially for the ophthalmologist and conducted by the Section of 
Ophthalmology, Dr. Rocko M. Fasanella, Chairman, of the Yaie University School 
of Medicine, will be held usually on alternate Fridays, 3:45-5:00 p.m., Nov. 
9, 1956-March 29, 1957. The fee for the series is $15. Application for registration 
and fee should be sent to Dr. Arthur Ebbert Jr., Assistant Dean of Postgraduate 
Medical Education, Yale University School of Medicine, 333 Cedar St., New 
Haven 11, Conn. 

The conferences are scheduled as follows: 

Nov, 9—Psychological Considerations in Surgery. Irving Janis, Ph.D., Asso- 
ciate Professor of Psychology, Yale University. Comments by Theodore Lidz, 
M.D., Professor of Psychiatry, Yale University School of Medicine; Edith 
Jackson, M.D., Clinical Professor of Pediatrics and Psychiatry, Yale University 
School of Medicine. 

Nov. 16—Reoperations and the Management of Complications in Glaucoma 
Surgery. Edmund B. Spaeth, M.D., Professor Emeritus, University of Pennsyl- 
vania Graduate School of Medicine. 

Dec. 14—Lids and Facial Burns: Newer Concepts of Management. Donald 
P. Shedd, M.D., Assistant Professor of Surgery, Yale University School of 
Medicine. 

Jan. 11—Surgery in Congenital Glaucoma. Harold G, Scheie, M.D., Professor 
of Ophthalmology, University of Pennsylvania School of Medicine. 

Jan. 25—Keratoplasty: Reoperations and Management of Complications. 
R. Townley Paton, M.D., Clinical Professor of Ophthalmology, New York Uni- 
versity College of Medicine. 

Feb. 8—Eye Pathology—Some Unusual Cases. David Freeman, M.D., Assist- 
ant Clinical Professor of Ophthalmology, Yale University School of Medicine. 

Feb. 22—Vitreous Transplants. Donald M. Shafer, M.D., Surgeon, Man- 
hattan Eye, Ear and Throat Hospital. 

March 8—Film: Embryologic Development of the Eye. Discussion by Leon 
S. Stone, Ph.D., Bronson Professor of Comparative Anatomy, Yale University 
School of Medicine. 
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March 29—Medical Managemem of Surgical Complications. Irving H. 
Leopold, M.D., Clinical Professor of Ophthalmology, University of Pennsylvania 
Graduate School of Medicine. 


Course in Histopathology of the Eye.—An intensive course, making use 
of one of the world’s largest eye collections, will be given Oct. 1-6, 1956, by 
Drs. Bernard A. Roberts and Lawrence Samuels, of the Department of Oph- 
thalmic Pathology, New York Eye and Ear Infirmary, Brittain F. Payne, Director. 
Number of students will be limited. Write to Registrar, New York Eye and Ear 
Infirmary, 218 Second Ave., New York 3. 


Call for Papers.—The 1957 meeting of the Section on Ophthalmology will 
be held in New York, June 3-7, 1957, simultaneously with that of the Association 
for Research in Ophthalmology. 

Anyone wishing to present a paper before the Section is urged to com- 
municate with Dr. Harold G. Scheie as soon as possible. A title and abstract of 50 
to 150 words must be in his hands by Jan. 1, 1957. Anyone wishing to present 
a paper before the Association for Research should contact Dr. Lorand V. John- 
son as soon as possible. 

Lorand V. Johnson, Secretary, Association for Research in Ophthalmology, 
10515 Carnegie Ave. Cleveland 6. Harold G. Scheie, Secretary, Section on 
Ophthalmology, 313 S. 17th St., Philadelphia 3. 


New Eyes for the Needy.—New Eyes for the Needy, Inc., a nonprofit 
organization, staffed by volunteers, which is dedicated to improving the vision 
of needy people both here and abroad, will be represented for the second year 
at the Convention of the American Academy of Ophthalmology and Otolaryn- 
gology to be held at the Palmer House in Chicago, Oct. 14-19, 1956. 

This charity organization is unique in that it requests no funds, merely dis- 
carded eyeglasses and metal bits, the salvage of which is sold and the funds used 
to defray the costs of new prescription glasses and artificial eyes. 


SOCIETY NEWS 


Canadian Ophthalmological Society.—At the recent Nineteenth Annual 
Meeting of the Canadian Ophthalmological Society the following officers were 
elected: President: Dr. John McLean, Vanccuver, B. C.; Vice-President: Dr. 
J. V. V. Nicholls, Montreal; Secretary: Dr. R. G. C. Kelly, Toronto, Ont. ; 
Treasurer: Dr. Benjamin Alexander, Montreal; Editor-in-Chief of the Trans- 
actions: Dr. Clement McCulloch, Toronto, Ont. 


New York Society for Clinical Ophthalmology..-The newly elected 
officers of the New York Society for Clinical Ophthalmology for the 1956-1957 
season are the following: President: Max Chamlin; Vice-President: Harvey E. 
Thorpe; Recording Secretary: Jesse M. Levitt; Corresponding Secretary: Leon 
H. Ehrlich; Treasurer: Henry M. Kera; Historian: Robert S. Coles. 

Committee Chairmen: Program: Abraham Schlossman; Instructive Session: 
Arthur Linksz; Legislative: Benjamin C, Rosenthal; Membership: Howard 
Agatston; Industrial: Edward M. Douglas. 


American Ophthalmological Society.—At its annual meeting the Ameri- 
can Ophthalmological Society elected the following officers for the current year: 
President: Dr. Frederick C. Cordes, San Francisco; Vice-President: Dr. Walter 
S. Atkinson, Watertown, N. Y.; Secretary-Treasurer: Dr. Maynard C. Wheeler, 
New York; Editor: Dr. Gordon M. Bruce, New York. 
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A. M. A. ARCHIVES OF OPHTHALMOLOGY 


PERSONAL 


Dr. Lorenz E. Zimmerman.—Dr. Lorenz E. Zimmerman, Chief, Oph- 
thalmic Pathology Section of the Armed Forces Institute of Pathology, and an 
Associate Member of the District Medical Society, served as an instructor in 
pathology of the eye at the Lancaster Courses in Ophthalmology, Colby College, 
Waterville, Maine, July 9-21. 

Dr. Zimmerman lectured on inflammation, granulomatous lesions of the eye, 
intraocular neoplasms, pathology of the optic nerve, and ocular trauma. 
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LENTICULAR 
CATARACT 
LENSES 


thinner, lighter, 
more attractive 


cosmetically! 


Titmus fused lenticular cataract single 
vision and multifocal lenses combine 
excellent cosmetic appearance, 
highly efficient optical performance 
and traditional Titmus lens quality. The 
distance portion features a large 
34 mm barium overlay. Barium segments 
are 22 mm. Trifocals have a 7 mm 
intermediate with distance optical center 
set | mm below the top line. Made 
in White and Velvet-Lite A. 

STRAIGHT TOP 


BIFOCAL 
TITMUS OPTICAL COMPANY, INC. 
Petersburg, Virginia 
Manufacturers of Opthalmic Lenses, 
Frames and Sun Glasses. 


TRIFOCAL 


SINGLE 
VISION 


A foremost specialist says: 


Eyes Made To Order «this tetts me 


what the strabismic 


Walter Melcher is applying color on a 
an artificial eye. He needs the skill of can do ! 
an expert glass blower plus the color- “Now I can tell, right at the 
ing technique of an artist to match start, whether there’s a good 
eyes of all shapes and colorings. For- chance to handle the case success- 
tunately, Walter is heir to 105 years’ fully by orthoptics. 

experience. Our skilled glass and “I begin by finding immediately 
plastic eyemakers have passed along the stage at which the strabismic is 
and perfected their technics since operating visually. 

1851. These men visit most areas reg- 


. “The strabismic hasn’t had a fair 
ularly to make artificial eyes that are chance in the past— he has been 


perfectly matched for your patients— diagnosed on equipment limited to 
another reason to call or write our a 20° field 

nearest office on your next replace- 

ment. But many strabismics who lack 

macular fusion will show third de- 

gree fusion at 30° to 40° or beyond 

— nearly all strabismics with nor- 

om ete en mal correspondence have third de- 

same day order received gree fusion. With Keystone Color- 

Glass © Damaged or broken eyes depth Equipment I can probe for 


and Plastic ecewrately matched fusion as far as 60° peripherally.” 
© Fitted to all 
motility —* The Diagnostic Unit may be 


Artificial Eye © Implants, bought separately if desired. The 
X-Ray therapy shields, complete Training Unit also con- 


Ser vice e spo, edneasgea tains the Diagnostic Techniques, so 
Finest you should examine both. 


® Made to order 


WS 
KEYSTONE VIEW CO., MEADVILLE, PA. 


( ) Please send new Bulletin showing 
how Strabismus is diagnosed and 
treated with Keystone Colordepth 
Techniques. 


Mager and Gougelman tne. 


( ) Write or phone me to arrange for 
demonstration in my office. 


JON. Michigan Ave. | 510 Madison Ave. 
Chicago 2, lilinois New York 22, N. Y. 


CLEVELAND DETROIT KANSAS CITY 
MINNEAPOLIS $T. 

BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


‘ 
‘ 
‘ 
Setving the Profession Since 1851 ‘ 
‘ 


(Address) 
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Services to the Ophthalmologist 


ai! In the past four or five years tremendous strides have been made 
# | in the field of contact lenses. 
| The use of contact lenses for monocular aphakic cases alone 
would justify the study and fitting of contact lenses, not to men- 
tion the need of binocular aphakic cases. 

To employ contact lenses as a diagnostic instrument is an aid, 
Keratoconus and irregular cornea cases can be often helped by 
the proper utilization of contact lenses. 

Other uses of fitting contact lenses include: cases of distorted 
and discolored eyes (with cosmetic contact lenses); special ac- 
tivities, such as sports, in which normal spectacle lenses would 
be a handicap al dangerous; various subnormal vision cases . . 

Write us for contact lenses can be used as the objective in the optical com- 
descriptive literature bination to create magnification. é; 
ond lnsteustionel, maturtal The use of contact lenses for cosmetic purposes cannot be over- 


‘ looked. There are many other applications for fitting contact 
on the fitting of lenses. 


Wesley-Jessen contact lenses 
A knowledge of the various contact lenses should 
be a part of every ophthalmologist’s practice. 


THE PLASTIC CONTACT LENS COMPANY 


NEW ORLEANS 
ACADEMY OF OPHTHALMOLOGY 


The Seventh Annual meeting of the New 
Orleans Academy of Ophthalmology will 
be held in New Orleans in the Roosevelt 
Hotel—February 11-15, 1957, featuring Most modern offices and factories are 


equipped with the best in scientific light- 
"Symposium on Glaucoma." The registra- ing facilities—but, they reflect on sur- 
faces of glasses. These “GHOST” reflec- 
tion fee of $75.00 includes associate mem- tions are annoying and contribute to 
bership in the Academy for the year 1957, fatigue. MAY-O-LITE coated lenses can 
help eliminate these annoyances, 

as well as all other features of the conven- 


tion. Hotel reservations should be made Complete Your Professional Service By Adding 


early by writing directly to the Roosevelt 
. The Best in Sight 
Hotel or to the Executive Secretary, P. O. 


Box 469, New Orleans, La. MAY-0O-LITE 


Low Reflection Coating 


MAY RESEARCH, INC., Box 1181,Minneapolis 1,Minn. 
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BETA 
RADIATION 


FOR TREATMENT 
OF SUPERFICIAL 
CORNEAL DISEASES 


You will be interested in the scien- 
tifie data compiled in our booklet, 
“Radiation Therapy Sources.” It 
includes clinical data, indications for 
treatment by irradiation, suggested 
dosage table, U. S. Atomic Energy 
Commission regulations, and a de- 
scription of our improved M-1 Ap- 
plicator. It’s yours without obliga- 
tion. 


The 
Strontium-90 Applicator 


WELLER 


330 South Honore Street 
Chicago 12, Illinois 


LOS ANGELES ¢ ROCHESTER, MINN. ¢ DALLAS * HOUSTON 


lnsirume 


Determining acuity, convergence, 
and punctum proximum of accommodation 
are done efficiently with the Accommo- 
dometer. Held in one hand, it presents 
a variety of easily changeable symbols 
at close distances measured from the 
outer orbital rim. Acuity at one-third 
meter is determined by symbols graduated 
from 20/400 to 20/20. 


ACCOMODATIVE ESOTROPIA diagnosis and treatment finds the 


Accommodometer valuable for determining accurately the least hyperopic 


prescription services, the 
West's most complete surgical 
showroom Various techniques are described in literature we will be happy to send 
i you. 


correction which will maintain good vision and good binocular alignment. 


Write: Dept. 7, 518 Powell St. 


San Francisco, California Pars av Op tical 
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PLASTIC 


pS ARTIFICIAL EYES 
Individually Created 


Daviv A. Grossser INC. 


133 EAST 58th STREET NEW YORK 22, N. Y. 
WICKERSHAM MEDICAL BLDG. 


The test of time proves that the 
“LACRILENS”’® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


a 49 East 51st Street, New York 22, N. Y. 
Manufacturers of all types of Contact Lenses 
Branches in 


PHILADELPHIA MONTREAL JOHANNESBURG 
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Top-Grade Technical Performance 


. + « @ Safeguard for Your Professional Skills and 


J 


‘QUALITY SERVICE 
Technical skills and 


of existence, is a guarantee of complete patient 
satisfaction. 


Chicago, Ill. 


udgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 


DOW OPTICAL CO. 


W. £. DOW, Pres. 
Bloomington, Ill. 


The Berman Metal Locator 


An electromagnetic detecting device that quickly 
and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfac- 
tory distance through intervening bone, tissue and 
fluids. Probing or alate contact with the foreign 
body is not required for detection. 

The thin sterilizable probe provides preoperative 
localization, “pin-point" accuracy within the inci- 
sion and postoperative check. 

Lends precision to foreign body surgery and 
greatly reduces surgical trauma. 


BERMAN LABORATORIES 


112-03 Reckawey Bivd. Ozone Park 20, N. Y. 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package ‘Fresh 
Tissue Specimen—Rush." 

A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 
Samuel Kimura, M.D., Michael J. Hogan, M.D., o 
Phillips Thygeson, M.D. 


University of California School of Medicine 


San Francisco 22 
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double-armed ophthalmic needie-sutures with 
specia! MICRO-POINT® needles designed 
in consultation with leading ophthalmologists 
for use in particularly delicate procedures. 
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PRESCRIBE THIS 


GUARANTEED 
PROTECTION 


FROM LENS BREAKAGE 


1-GARD prescription lenses are highly resistant to impact. 
Your I-Gard distributor is authorized to replace free of 
charge any 1-Gard lens that does not successfully with- 
stand accidental breakage from a hard blow—even one 
that would fragmentize any other lens—glass or plastic. 


It is important to keep in mind that I-Gard lenses offer 
priceless eye protection with feather-light comfort. How 


many of your wearers know this? 


Send for 1-Gard Foci Charts ... Price List... Samples... 


and name of nearest 1-Gard Distributor. 


DEPT. E 
McLEOD OPTICAL COMPANY, INC. 


357 Westminster Street, Providence 1, R. I. 


 Feather-Light 
Non-Shatterable 
‘gard 
me Worn by millions 
allover 

astic Lenses 


IMPROVED 
BONE SAW 

for the 
OPHTHALMOLOGIST 


. is an indispensable aid in performing dacryocystorhinostomies and the Kronlein 
operation. This efficient bone saw combines these latest refinements developed to 


best implement the surgeon's skill: 


‘a 
© LIGHT WEIGHT ° MANEUVERABLE 


FEATURES of the © CONVENIENT TO HOLD © ACCURATE 
STRYKER © VERSATILE ° TIME SAVING 


BONE SAW © SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


lliff Trephine for dacry- 


4 Illustrating use of the 
ocystorhinostomies. 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY 
430 AVENUE PRICE: Ophthalmologist Unit Group 


KALAMAZOO, MICHIGAN No. 4 includes 3 blades and 2 tre- 


0 Send me the Ophthalmologist Bone Saw on approval. 
(0 Send me a brochure and reprint by Charles E. Iliff, M.D. 


Address 


Kelemetee Michiges 


City Distributed in Conede by: Fisher & Burpe, Lid. Winnipeg 
Exclusive Agent for Export: Schveler & Co, 75 Chill Sr, 
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Improved 


Hot Air Sterilizer 
To Prevent Corrosion of Sharp Eye \nstruments 


£-7070 


Sterilizer, Hot Air: features dry 
heet, constant temperature, 
forced circulation for even dis- 
tribution of heat, well insulated 
for economy and room comfort, 
fully automatic. 


Hot air sterilization eliminates 
the corrosive damage to sharp, 
delicate eye instruments so fre- 
quent in boiling, autoclaving and 
some cold sterilizing agents. High 
temperature is well below point 
et which temper of sharp instru 
ments would be affected. 


Hot air sterilization eliminates 
bothersome refilling and clean- 
ing of water sterilizer and por- 
table autoclave. 


Price: $247.50 
Special Geatures 
Does not draw in outside air. 
Circulation of air in sterilizer chamber insures constant temperature in 
all areas. 
Good insulation reduces current consumption. 
Even preheating and cooling prevents overheating in any area. 


Fully automatic; requires no attendance after starting, and no special 
wiring or connections. 


Simplijied Operation 


After instruments are placed in the sterilizer, the switch at 
the right rear is moved forward. This includes the time 


Outside dimensions are 
20” long, 12” wide, and 
15” high. Each of the 
three trays measures 


11” long, 5” wide and 
deep. 


Total useful capacity 
lI” 6%" 7%". 


Weight 40 Ibs. 


Fully Automatic Controls 
include INTERNAL TIM- 
ER, VISUAL THERMOM.- 
ETER and INDICATOR 
LIGHT, 


switch in the circuit. The time clock is then set for the re- 
quired sterilization and preheating time. The preheating 
time is 20 minutes and normally sterilization time is 30 
minutes, a total of 50 minutes. The temperature control 
knob is set at between |80° and 200° centigrade as de- 
sired. Then turn on control switch for operation, which is 
above the red light on the front. The red light indicates 
that the sterilizer is on. Thermometer on top of sterilizer 
can be checked to determine if inside temperature is cor- 
rect. 


For uninterrupted operation of the sterilizer the time clock 
switch at the right rear should be pushed back. This re- 
moves the time clock from the circuit. 

Alternate current (AC) only, | 10 Volt, 50-60 Cycle. 


Justrument Company 4570 Audubon Ave. 


St. Louis 10, Mo. 
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CONFIDENCE 


and well placed too! 


The ophthalmologist knows that when he recommends 
a GUILD OPTICIAN, the service and quality which are a Guild 
tradition help to make his patient satisfied. He has 
confidence that his GUILD OPTICIAN will get the job done right. 
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SLIT LAMP APPARATUS 


ON INSTRUMENT TABLE OR COM- 
POUND STAGE, the latter designed 
for electric tables or refracting units. 


Requires no adjustments. The slit 
lamp can be swung past the corneal 
microscope without interruption of 


observation. 


Can be set for five different magni- 
fications by simply turning a knob, 
without changing objectives, eyepieces, 


or the working distance. 


Maximum brilliance of the illumi- 
nating rays and sharpest possible 


definition of the microscope images. 


MADE BY 


Supplementary equipment, such as 
Hruby lens, gonioscope, photo attach- 
| ZEISS | ment, etc., are available. 


IN WEST GERMANY 


ACCESSORIES 


ATTACHMENT FOR’ GONIOS- 
COPY (left) consisting of: 4-mirror 
contact glass with handle, carrier 
and rotating device. Rota-table 
prism in mount. To keep lid apart 
during examination we offer one 
each small and large lid separator. 


PHOTO ATTACHMENT (right) 
with electronic flash equipment to 
automatically photograph anterior 
segment of eye at magnifications 
of Ix or 2x. 


~ Write for literature 


CARL ZEISS, INC., 485 Fifth Avenue, New York 17, N.Y. 


Guaranteed Uninterrupted Repair Service 
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Dependable, 
accurate, 


easy-to-use 


WELCH A ALLYN 
Ophthalmoscopes 


a 
Partne m your Pp actice 
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SURGICAL INSTRUMENTS CO., INC. 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 


LONDON ESTABLISHED 1875 PARIS 


IMPROVED TRONCOSO 
GONIOSCOPE 


Dr. Manuel Uribe Troncoso, New York City 


The instrument illustrated consists of a low 
power binocular microscope with a magnifica- 
tion of 7X(through 10% magnification is 
available if desired) and an illuminating tele- 
scope so mounted as to be adjustable to any 
focal length or type of contact glass. The 
illuminant is a 5.8 V Lamp controlled by a 
separate rheostat and for type of beam by 
movement of the lamp housing in a sliding 
mount. The light can be adjusted to a sharp 
image or an intense horizontal or vertical oval 
beam. Should the examiner wish other than 
fixed illumination, the lamp housing and mount 
may be completely detached from the scope by 
a % turn of the locking lever. 

A trigger switch in the pistol grip activates 
the illuminant while in use, but extinguishes it 
when the instrument is laid aside. 

Supplied complete as described, with one large 
plastic Troncoso tubular contact lens and carry- 


GLASS and PLASTIC 
RTIFICIAL EYES 


Dispensers and makers of fine eyes of plastic and glass. Eyes to fit all types of implants. 
Selections sent on memorandum from the most complete group of eyes. Careful attention 
given to all referred cases. The Doctor and his patient must be completely satisfied or 
there is no obligation. Of Service Since 1906. 


DENVER OPTIC COMPANY 


310 University Bidg. Telephone Main 3-5638 


3 wa’ 

Denver 2, Colorado 

— 
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from stock for your Rx! 


™ Oe oa, Note the identifying tinted line 
o-26 


The original Univis straight-top design—now in 25 mm. 
segment width when you need wider lateral field at near. 
Also has special Nu-Line treatment developed for wide 
segment bifocals. Prescribe for absolute security in the 
four vital areas of quality which must be built in by the 
manufacturer. 


You can now prescribe the original improved-type 3- 
foci multifocal with a 25 mm. segment—Univis. Highest 
standards of quality rigidly maintained. Rx for general 
purpose wear for 2.00 D reading add or greater. 


The popular Univis CV, specially treated to eliminate 
more than 80% of reflection and refraction by segment 
lines, now in 25 mm. segment width as well as in 23. 
Rx where reading add is greater than 2.00 D. 


From stock, for wide lateral field at near and intermediate 


UNIVIS THE OONIVIS LENS COMPANY 
ae Dayton, Ohio 


| 
Vow Univis lenses 
OR: 
j with 25mm. segments & 
Unive 
| 
ee >| 
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PILOCARPINE HCI. 
Solutions 
4%—1%—2%—4% 


OFFER COMFORT AND CONTINUITY OF THERAPY 
IN THE TREATMENT OF THE Glaucomas 


—UNDESIRABLE SIDE EFFECTS VIRTUALLY ELIMINATED— 
RAPID PROLONGED ACTION 


Quwuyy_ Sterile Pilocarpine HCI. Solutions are prepared according 
QY to the Formulae developed by Robert R. Feinstein 
Research Associates 


Prescribe in original |5cc. Dropper Sealed Bottles obtainable promptly 
through Prescription Pharmacies everywhere 


OPHTHALMOS, INC. UNION CITY, N. J. 


Distributed in Canada by Professional Sales Corp. ° 5333 Queen Mary Road, Montreal 29, Quebec 


SURGEON'S LOUPE Re 


DVORINE animated 


FUSION CHARTS 


A complete set of fusion charts in full 
color for office and home training, Base-In 
and Base-Out. 


Exclusive Features: 


OPERATE AT ARM'S LENGTH 
WITH 3X MAGNIFICATION * Nine Groups of 


To eyes needing no correction a large flat 
field will appear magnified 3X and sharply bd 
defined at a focal distance of 20 inches. 
Field is 50° laterally and 40° vertically. 
Wearer’s own correction can easily be in- 
corporated into the telescopic optical system. 
Doctor easily tests his own amplitude and 
general satisfaction during 5 day trial period. f 
Folds and can be carried in standard spec- 
tacle case. 

Exceptional interest was shown by doctors 
when introduced at the Academy Meeting 


Pri 12.00 
in Chicago. $47.50 Less 5%, if sed A order. 


Write for full particulars Available now on & at your Ophthalmic 
Dispenser, American Optical Company and 
other Optical Supply Houses 
SCIENTIFIC PUBLISHING CO. 

Dept. A. 2328 Eutaw Place Baltimore 17, Md. 


ALL IN ONE 
(with directions) 


ARMCO MERCANTILECO. 
221 N. LASALLE ST CHICAGO 1. 
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Gay Colors 

| Vertical Fusion 

a Tracing Sheets 

Spectacles and 
Drawing Outfit 
oT! 
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Pat. No. 530108 


Perspex lined lead shells in the form of a contact lens afford the 
eye complete protection when treating parts very close to the eye 
with X-rays or rays from radio-active substances. By drilling a 
small hole in the shell it is even possible to carry out localised 
treatment of a lesion on the sclerotic without exposing the cornea 
and other parts of the sclerotic to the harmful effects of the 
radiations. The set of lead shells illustrated comprises six sizes for 
both right and left eyes. Smaller cases and single shells are also 
available. Price, complete in case— $97.30. 


of England 


63 WIGMORE STREET LONDON, W.1 ENGLAND 


‘ pERSPE* LEAP sHELLS 
BY ’ 
pRroTECTION IN TREATMENT 
BY APS 
CLEMEN: 


@ A new fall eyewear fashion 1/10 12 K gold 
filled. Its beauty lies in its simplicity of line, 
deep toned engraving and the richness of its 
sparkling gold. 

There are people, and many of them, who 
don't like trims and trappings. They prefer the 
less ornate, hold to the more classic in design, 
delight in owning things of intrinsic worth. For 


The 


them the STYLIST is a natural eyewear choice. 

The same basic design as the Satintone, the 
finish of the STyLisT is sparkling rather than soft 
satin and deep engraving adorns the bridge, tem- 
poral sides of the front and the temples. 

Where you want to give the patient a con- 
trasting choice, show a trimmed Satintone and 
show the Sry ist. They're a beautiful twosome. 


co N T N EN TA a Indianapolis 
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For the doctor who must 
do his own dispensing... 


Master Styling Room Ensemble 


OPHTHALMIC EQUIPMENT AND FURNITURE 


@ Today's eye doctor must satisfy the growing demand of his patients for 
fashion, style and service. And at the same time, in the interest of more 
successful operation, he must increase his own efficiency. 


After several years of research and study under actual operating conditions, 
PROFESSIONAL SUITE presents this matched line of equipment and furniture — 
specifically designed and engineered for the modern styling and dispensing 
rooms of modern doctors . . . sold in matched ensembles for large, medium 
and smaller offices. Individual pieces may also be purchased. 


For further information on color, wood selection and 
price, discuss PROFESSIONAL SUITE with your 
supplier or send for this illustrated catalog. 


eee 
Protessional Suite, P.O. Box 66, Minneapolis, Minn. 


I'd like to take a look at your PROFESSIONAL Suite catalog (no 
obligation, of course). Dep’. No. A-I16 
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Pho sional Cite 
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morning 


noon 
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evening too! (eam 


olette 


the beautiful new “around the clock” frame— 


— depending on the trim, a simple fan shield, the “right” touch 
‘\ of gold, the glamour of sparkling stones. In 

Kolette Shooting Star 
~ fashion-news solid colors or rich overlay. 


COLORS: solid—Tobac, Clear, Midnite Blue 
overlay—Ebony, Teal, Coffee, Charcoal, Mink 


SIZES: 42 18-20-22 


44 18-20-22 Shown left to right: Kolette Daintee Fan Shields, 
46 18-20-22 
is Kolette Lyric”, Koleite Shooting Star. 
KOLETTE TRIMS AVAILABLE: Shooting Star, Whirl, Lyric, *(1/1012K 


Tri-Thunderbird, Ma Petite gold filled) 
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